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| volt to 100 kilovolts 


THE JOHN GRERAR LIBRARY 


in a standard range of regulated supplies jy 4 - y9g9 


by Brandenburg 


output 
input 
polarity 
regulation 


dimensions 


50 kilovolt regulated supply 
type MR5O R 


5kV to 50kV at ImA 

200 250 volts 

reversible 

against full load: better than | 


against mains variations: 5°,,, —5'.,. Better than |”, 


W: 24” H: 23” D: 15S’ 


£245 ~~: 


Brandenburg «7 


139 Sanderstead Road, South Croydon, Surrey. Sanderstead 3555/6 











EE 16002 for further details 
















37-way moulded-on 
polypole coupler. 


BICC design and manufacture to customers’ 
specific requirements polypole coupler systems incor- 
porating flexible multicore cables. These systems 
cover a wide variety of sizes and types of cable each 
terminated with robust moulded-on couplers. 

BICC polypole coupler systems are particu- 
larly suitable for the reliable outdoor interconnec- 
tion of mobile radio or electronic control equipment. 


Further information is contained in Publication No. 
TD TPC 5—available on request. 






BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.1 
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70-mile ove7- 
water path 
employing the 
latest auto- 
matic diversity 
system in 
which the SHF 
signals are 
combined in 
the correct 
phase before 
entry into the 
receiver. 
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: 4 TERMINAL REPEATER 
mf @——Pe—  600-CIRCUIT CAPACITY 2-WAY TELEPHONE CHANNEL 
VY. a——P—_1-Way TELEVISION CHANNEL 
CAPE MB -----P-  2-WAY TELEPHONE & TELEVISION STANDBY CHANNEL 


Y . 


NORTH 


| 


\y 
A 
aS 
S.T.C. are supplying main line micro- 
wave telephone systems to 16 countries 
and have already supplied systems with 
a capacity of over 1 million telephone 
circuit miles, 2000 television channel 
miles and an equal capacity of standby 
equipment. 


Newfoundland — one of 16 countries having 


S.T.Cc. MICROWAVE SYSTEMS 
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/ WORLD-WIDE 


EXPERIENCE 


S.T.C. are supplying a 4000 Mc/s multi-channel 
microwave telephone and television system to 
the Canadian National Railways. It will form 
the final link in the trans-Canadian tele- 
vision network. The 536-mile route between 
St. John’s and Sydney, Nova Scotia includes a 
70-mile over-water path, emploving dual diver- 
sity reception, across the Cabot Strait. 

S.T.C. are also supplying on this contract: 7000 
Mc/s Microwave Links to Television Studios, 
Supervisory and Remote Control Equipment, 
Antennae, Test Equipment and Entrance Cables. 
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Standard Telephones and Cables Limited | 





SYSTEMS Registered Office: Connaught House, Aldwych, London, W.C.2 
GROUP TRANSMISSION DIVISION: NORTH WOOLWICH - LONDON . E.16 
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GUARANTEED JEMPERATURE COEFFICIENT 
IMPROVE: oO D STABILITY ( @ Precision Components designed and manufactured for 


consistent accuracy. 











@ Specially selected wire is sealed against humidity in a 





rien, resin which can withstand temperatures of over 100°C, 
Pe @ Ratings 2W, |W, 4W, 4W, with maximum resistances 
2 of 10 Megohms, 3 Megohms, |.6 Megohms and | Megohm 


respectively. Standard tolerances set at 20°C:- 1%, 
0.5%, 0.25%, 0.1%, or .0| Ohm whichever is greater. 


e Supmeneees temperature coefficient of better than 

0.002% per °C up to 300 Kohms. Above 300 Kohms 

choice of temperature coefficients either better than 
0.01% per °C or better than 0.002% per °C. 


@ Tapped resistors or any special types supplied to 
Customer's own specification. 





TREND TOWARDS MINIATURISATION 


To meet the increasing d d for 

combined with accuracy, ALMA COM- 
PONENTS LIMITED have now developed 
miniature precision wirewound resistors. We 


are supplying precision wirewound resistors as 
ESISTORS high as 1 Megohm to an accuracy of better 
than 0.1 per cent on a size } in. diameter by 


13/16 in. long. 








A.1.D. Approved 
Where highly stable precision resistors of 
ALMA COMPONENTS LIMITED minute dimensions are required please call us 
551 Holloway Rd., N.19 in to advise and quote to your specification. 


Telephone : Archway 0014/5. 











miniature 


ROTARY SWITCHES 


by 





ARDENTE ACOUSTIC LABORATORIES LTD 





8-12 MINERVA ROAD - LONDON - NWIO 






* full technical data 


upon request 







: ELGAR 3923 (6 lines) Telegrams: HAILER, LONDON 
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DECADE BOXES 


These resistance and capacitance decades were 
developed by one of our engineers some years ago. 
The reason for the development was that when 
engineers wish to ascertain the required value of a 
condenser or resistance in a part of a circuit, or when 
they are using decades for normal test functions, there 
is no point in purchasing expensive decades of the 
1°% variety. Our engineer considered that resistance 
and capacitance boxes giving normal commercial 
tolerances at about one-quarter of the normal price 
would be most attractive to laboratories, universities 
and factories throughout the world. 





SPECIFICATION: 
Range .001 mfd. to 1.11 mfd. 
Zero capacitance 50 pf. H 
Zoe e. Decade Capacitor Box 
Maxi It 750V D.C. , ; 
Scans — Screw type. Accurate decade capacitors are valuable for use in 
Mounting Metal case and panel. work where a widely variable capacitor of 
Finish ee ee ' accurately known value is required for audio 
ack and silver photoetched panel. frequency use 
Dimensions Height 3 ins. (7.5 cms.) q Y : : Seta sk ; 
(overall) Width 8 ins. (20 cms.) Mechanical and electrical shielding is provided 
Depth 3} ins. (9.5 cms.) by the metal case and panel. 
Weight 5 Ibs. (2.3 Kgs.) The capacitor elements have no electrical 


connection to the case and panel for which a 
separate shield terminal is provided. 

Positive detent mechanisms and pointer knobs 
permit the operator to sense the switch position 


without looking. 
Price £1I-1I-O 





se 
RESISTANC! Decade Resistor Box 
- none Accurate decade resistors are valuable for use in 
work when a widely variable resistance of 
SPECIFICATION: ‘ : 
accurately known value is required for D.C. 
Range 100 ohms to 111,000 ohms. + 4 
Zero resistance 0.006 ohms. and audio frequency use. 
Accuracy 1%. Mechanical and electrical shielding is provided 
Maximum current 10’s decade 100 mA by the metal case and panel. 
mg prance rhase The resistance elements have no electrical 
1000’s decade 10 mA ; ‘ 
Terminals Screw type. connection to the case and panel for which a 
Mounting Metal case and panel. separate shield terminal is provided. 
vane Blue hammertone case. Positive detent mechanisms and pointer knobs 


Black and silver photoetched I. ; F iti 
ee Oe permit the operator to sense the switch position 


Dimensions Height 3 ins. (7.5 cms.) 
(overall) Width 8 ins. (20 cms.) without looking. 
Depth 3} ins. (9.5 cms.) ° 
Weight 5 Ibs. (2.3 Kgs.) Price £13°13°O 











ELECTRONICS LIMITED 





GOVETT AVENUE - SHEPPERTON - MIDDLESEX 


Phone: Walton-on-Thames 26321/5 Grams: Winston, Shepperton 
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Conpenser MicroPHONE 


al price The Condenser Microphone Cartridges 
Type 4133 and 413% feature: 
































































fersities iviaei ihn The Microphone Cartridges Type 4133 and 
Sensilivily: Approx. 1. 4 mV/ubar (individ- 4134 are to be used in connection with the 
ually calibrated) Cathode Followers Type 2614 and 2615. 
Free Field Response: Flat from 20 c/s Among the accessories are: 

1 

te SUFES. SR ays The Yaee Smal battery operated Pistonphone for pure 
Pressure Response: Flat from 20 in alee 
pale _ nate Syne 8089 Electrostatic Actuator. 

use in Dynamic Range: 32 db SPL to : ; : ; 

. Thin Probes with calibration equipment 

164 db SPL Datta 

O Smal mechanical dimens- Windscreens to reduce Influence of wind 
ions, high stability, noise. 

ed many acosssories. Nose-Cones to protect the microphone during 

windtunnel measurements. 

a 
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obs 

eee 20 200 2000 20 000 C/s 

13°O 
For further information phone or write to 








Adr.: NAQRUM, DENMARK - Teleph.: NAERUM 800500 - Cable: BRUKJA, COPENHAGEN: 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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A stable signal of very low harmonic 
content within the frequency range 10 
c/s to 120 kc/s, plus direct reading: 
these are two outstanding advantages 
of the Wayne Kerr Audio Signal 
Generator $121. 





THE WAYNE KERR LABORATORIES LTD 
Sales & Service, 44 Coombe Rd, New Malden, Surrey 
Telephone: Malden 2202 
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This is a high grade laboratory instrument designed 
for use with circuits under test, development or 
service conditions. The output frequency is clearly 
and accurately shown and the amplitude remains 
constant to within 0.2 dB at any setting, with a 
particularly low level of distortion. The unique 
dial display is designed for simple, rapid operation, 
permitting either the selection of major intervals by 
means of switches or the continuous fine control of 
frequency on an open horizontal scale. 

Two outputs are available: 0-30 volts at high im- 
pedance and a 600-ohm attenuated output covering 
the range +10 dB to —70 dB on a reference level 
of 1 mW. 

For all these significant features, this is a compact, 
light and portable piece of equipment which com- 
bines high precision with great practicability. For 
these reasons the Wayne Kerr Audio Signal 
Generator is approved for Armed Services’ use 
under the inter-Service reference No. CT416. 


The Wayne Kerr Audio Signal Generator is fully described 
in Information Service Leaflet AS121, copies of which are 
available on request. 





Audio Signal Generator $121 


R) WK7T 
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Here are two new type In-Line Displays with all 
the features you have been looking for, now 
available with |” or 3” illuminated figures. All 
numbers, characters, and data appear on the front 
surface of the unit, and are uniform in size and 
intensity. In addition to being faster and easier to 
read, the information may be quickly seen from 
any viewing angle. Designed as a single unit, the 
In-Line Displays may be assembled in any desired 
grouping, presenting a continuous surface for fast, 
easy reading. 


esigned ASSEMBLY 
rent or The In-Line Display Units are available in groups of 
clearly two or more with bracket ready for fast, easy panel 


mounting. Assemblies are provided with con- 
tinuous viewing screen for utmost legibility and eye 
appeal. 
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COUNTING INSTRUMENTS LTD. 5 ELSTREE WAY, BOREHAM WOOD, HERTS. 


Teleph ne: ElStree 1382 (4 lines) 
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White and Riches Ltd 


—specify + WARMS A/C or D/C COMPUTING UNITS AND SYSTEMS 





for research, development and production in the fields 
of AUTOMATION, AERONAUTICS, MISSILES and SATELLITES 


to enable complex non-linear problems to be 










analogued with these advantages 
RELIABILITY, REPEATABILITY, FLEXIBILITY, HIGH RESOLUTION, 


FAST RESPONSE and HIGH UTILISATION 
The full range of units includes E/M SERVO, 


SERVO AMPLIFIER +> LINE AMPLIFIER » RESOLVER AMPLIFIER 


i White And Riches Modular Systems 


S 
We 

\To 
oW 









—: 


INERTIA SWITCH LTD 


offer a wide range of acceleration-sensitive devices. 
* OVERSPEED CONTROLS 










SWITCHES - PULSE OUTPUT UNITS - SHOCK INDICATORS 


GAS RELEASE VALVES - DEVICES DESIGNED TO YOUR SPECIFICATIONS 
* Axial, radial or rotary response. Momentary or holding contacts. 
Provision for adjustment or resetting. 
* Wide sensitivity range from -05g to 500g. 
Quick acting or damped to reduce sensitivity to superimposed vibration 
* Stability, accuracy and reliability assured by inherent simplicity of design 


and use of high quality materials 





White and Riches Ltd : CHAncery 4037 
Head Office: 121 KINGSWAY, W.C.2 Telephone 
{Inertia Switch Lid : CHAncery 3759 


Works VICTORIA ROAD, BURGESS HILL, SUSSEX Telephone : BURGESS Hirt 85661 


ELECTRONIC ENGINEERING 8 DECEMBER 1959 








EE 16011 for further details 





mis NEW <ARVED> MILLIVOLTMETER 


MILLIVOLTMETER TYPE 264 is intended to 
measure alternating voltages from 300 microvolts to 
has outstanding features 100 volts in the frequency range 20 c/s to 10 Mc/s. 
It consists essentially of a negative feed-back wide- 
band amplifier terminated in a rectifier circuit and 
indicating meter. The input is taken either to a 
high-impedance low-capacity probe or to a 75 ohm 


300:V to 100V in8 ranges @ 


Frequency Range 20cs—10Mcs @ input socket on the front panel, which allows a 
direct connection to be made to the amplifier when 
Accuracy + 3°. of actual reading * required. As a low-impedance output from the 


amplifier is also available on the front panel, the 
instrument may be used as a wide-band amplifier; 
IMMEDIATE DELIVERY the gain then being adjusted by means of the meter 
multiplier switch. 








AiPmec 





AIRMEC LIMITED : HIGH WYCOMBE : BUCKINGHAMSHIRE - ENGLAND 
Telephone: High Wycombe 2060. Cables: Airmec, High Wycombe. 
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Arange of A.C. Mains Voltage Stabilisers 


has been developed which incorporate 
electronic detector systems of new design, 
and are robust, reliable and very compact. 


Expamet-Cressall resistors, rheostats and heaters 
form the most comprehensive range available 


from a single source and units to control loads from Torovolts are new toroidally wound con- 
tinuously variable auto-transformers. 
Electrical and mechanical improvements 
give greater safety and reliability. Legible 
dials give maximum convenience in use. 


4 watts to over 20,000 Kilowatts have already 

been supplied. The introduction of new designs of 
associated equipment widens still further the 
enormous field of applications of Expamet-Cressall 
products. Further details and technical advice 


from our engineers is freely available. 


EXPAMET and CRESSALL 
go together all the way 


*““Expamet’’ expanded metal resistors are 
able to dissipate heavy electrical loads 
efficiently through long continuous 
service. 





Eupeines = 


The Electrical Division of The Expanded Metal Company Ltd. 





London Office: Burwood House, Caxton St. London, S.W.1 
Telephone: ABBey 7766 
Works: Stranton Works, West Hartlepool s 
Telephone: Hartlepools 5531 Yea 
The Cressall Manufacturing Company Ltd. . 
Eclipse Works, Tower St. Birmingham, 19 
Telephone: Aston Cross 2666 The **Edgemet’’ edge-wound strip 
type resistor for confined space 
and high temperature conditions. 
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Silicone ey, : 
Silicone Rubbers and Resins 


Electrical | 
ectrica for Flexible Sleevings 


Insulating 


Materials 


SILASTOMER* AND 





SILASTOMER/GLASS 
Silastomer silicone rubber sleeving used on terminal 
leads in a Partridge transformer-—courtesy of SLEEVING 
Partridge Transformer Co. Led. Silastomer can be extruded and cured to form 


thin-walled sleeving that is elastic, extremely 
flexible and has good dielectric properties. It is 
recommended for operation over the temperature 
range -75°C to +250°C. 

Braided glass sleeving is also available coated 
with Silastomer silicone rubber. It is based on 
glass yarn and is supplied in various colours and 
in continuous lengths. This fiexible sleeving 
retains its good dielectric properties and tear 
resistance from —55°C to +250°C. 


* Silastomer ts a registered trade mark of Midland Silicones Ltd. 


( 


SILICONE-VARNISHED 
GLASS SLEEVING 


Flexible sleeving, available in various colours, 
is made from braided continuous-filament glass 
fibres saturated or varnished with a silicone resin. 
Heavily varnished sleeving with an average break- 
down of about 4 kV is used where maximum 
electric sirength is required. Silicone saturated 
sleeving is used as low voltage insulation and as a 
covering which will subsequently be varnish- 
impregnated. 


Write for Silicone Notes C19 listing the suppliers 
of silicone flexible sleevings and other silicone 
insulating materials. 








Other Electrical Insulating Materials employing MS silicones include: 
SILICONE RESINS FOR SILICONE COLD-CURING SILICONE RESIN BONDED 
RESISTOR COATINGS RUBBER GLASSCLOTH LAMINATES 


MIDLAND SILICONES first in British Silicones 


LTD 





Associated with Albright & Wilson Ltd., and Dow Corning Corporation 


68 KNIGHTSBRIDGE - LONDON SWI - KNIGHTSBRIDGE 7801 - Area Sales Offices: Birmingham - Glasgow - Leeds - London - Manchester - Agents in many countries 
Taw/msl29 
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The new concept resi 


falaasnesette equipment 


mereelticlaativem | 





A new philosophy : 
Made for everyday use 
* Wide range available 
Modern techniques 
Flow production 
Automatic inspection 


Easy servicing 





% 

€ 
= 
= 
ba 
ea 





f. 





H Nor too big; not too little: just right for the job. GM 6014 
Broadband HF-Millivoltmeter 
Measuring range: in 10 steps from 1 mV up 
. : to 30 V full scale deflection,dB scale from 
for the electronic industry is that, within the wide range .80dB.. . +32 dB(0dB=1 mW into 600Q) 
Frequency range: 1 kc/s...30 Mel/s 
Input impedance: 
400 kQ...50 MQ // 7pF... 2 pF 
Overall accuracy: 3°» with no respect to 
variations in the frequency reponse curve, 
; which variations are limited within 5° of 
hardy and reliable in daily use, simple to operate, | jhe gain at the calibration frequency. 
Mains supply: 110... 245 V;40...100 c/s 


Yet another of the advantages of the flow-produced Philips tools 


available, there is the electronic tool possessing exactly the right 


characteristics for each job which has to be done. 
And why the word tool? Because these instruments are in fact 


tools 


with service facilities available all over the world. 


| PHILIPS 


Dependable BHI LIPS ‘oo: 


for the electronic industry 





Sold and serviced by Philips Organizations all over the world 
Overseas enquiries please, to the manufacturers, 


N.V. Philips, Eindhoven, the Netherlands. 


Sole Distributors in the U.K.: Research & Control Instruments Ltd., , p 
207 King’s Cross Road, London W.C. 1 The price - a pleasant surprise 
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Input voltage range 190—260v, 
50c/s. Output Voltage (nominal) 
228—232v. Time Constant 20-80 
milliseconds. Bench and wall 


mounting forms are standard, 





but sub-unit or rack mounting 





models can be supplied. 





Model LT-MVR-120/BM Model LT-MVR-1009/BM 


WE ARE EXHIBITING AT THE PHYSICAL SOCIETY EXHIBITION JAN. 18-22 STAND NO. 47 


__/ JLT J. LANGHAM THOMPSON LID. 











GROUP BUSHEY HEATH - HERTFORDSHIRE 
Telephone: Bushey Heath 2411 (6 lines). Grams & Cables: “Tommy Watford” 
‘AD/S28 
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The ‘Etel’ instrument tube 3AZP1 has been 
introduced for applications where a double 
presentation with entirely separate deflection 
systems is required, but where space is at a 
premium. With its diameter of 3}” and length 
of only 114” the 3AZP1 makes possible the 
design of truly portable apparatus without 


sacrificing performance. 


52 INGH 
DOUBLE GUN 
TUBE 


The sensitivity of this double gun tube is 16 V/cm 





in the y direction at an accelerating potential of 
15 kV. This, together with a, flat face and side 
y-plate connections, suits the 3AZP1 for wide 
band-width applications. In order that simul- 
taneous phenomena may be easily compared it is 
possible to overlap the two traces at least 5 cm. 
Abridged data for the 3AZP1 is given here —for 
full information please use the coupon below. 
ABRIDGED DATA 
Diameter 94mm max. Length 310 mm max. 


Heater 6.3 V, 1.25 A max. 


PeM Lacs Cosh ekstitce savaws seed «kee anaeeea 1.5 k\ 

Rig COMER GUY. sinc 2c cntesneveneseceeccess cae ¥/C 

Sy (each gun)........ Nsbpwaemelbe ted eoneacaw 16 V/cm 

OD GNI ore sed cpeethasevesucscs 5 cm. min. 
ee EE Be Se Ee ee ee ee ee eee ee ee ; : 

ee) ee ee ee re reer 2.0 pk 
Electronic Tubes Limited will be pleased to assist designers who y ‘ ; . L 

a a, oe ee, ee eee. eee 0.6 pF max. 


wish to introduce this unique double presentation tube into new or 
existing equipment. You are invited to fill in and post this coupon. 


Brief details of your possible application of the 3AZPI 


ETEL 


i Ge RR A HS Es 2 


Name........ adeadessneecharebdnddedbeessess POSICION. .ccccssveseseceoscoconscoscocces 
COMPANY cesccrsccccccscocesscecscscesescscsososcovcosccose seantnntsepenneieosentteeanee 
Address....... orccccccescece sosedboocesercceceocsescccccescosocesccoscocesccosssecesoosese ELECTRONIC TUBES LIMITED 


Kingsmead Works - High Wycombe - Bucks 
Telephone: High Wycombe 2020 


ETL 15 
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16 V/cm 
‘ntial of 
und side 


or wide 


a) Neg BELLOWS 


5 cm. 


| PMP CONTACTS 


« AD KN 
.23 V/em 
.16 V/cm 
cm, min. 
+20 pk 


pF max. 


Continental Connector Division 


ULTRA ELECTRIC LIMITED 


Western Avenue - Acton - London : W.3 
Phone ACOrn 4404 Cables Radwaves London 
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‘ _ Well- I'd Say: 
@ ‘call in these 


4 Whitecroft 














The punctual supply—in large quantities—of Component 








fi Parts for the Radio, Television and Electronic Industries 


is our province. 





re We specialise in all types of Wire Forming and Coiling and 
manufacture amongst our many lines Capacitor and 








Resistor Wires, Connecting Wires, Plug and Socket 
Contacts, Grid Wires, Anode Tabs and Pointer Arms, we 


* 


are prepared to quote to any specification. 

Our long association with all the leading manufacturers in 
the Electronic Industries is our best reference and our 
experience in this highly specialised field enables us to 
offer a service unrivalled anywhere in Britain. 

WHY NOT GET IN TOUCH WITH WHITECROFT 
TODAY! 


When it’s a question of 


component parts 


THE WHITECROFT PIN MANUFACTURING COMPANY LIMITED 
Whitecroft, Gloucestershire. Telephone: 300, 308, 309. Telegrams: Pinco, Lydney. 
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CABLE 
AND WIRE 
GROUP 


Coaxial cable and Transmission 
Equipment supplied entirely by 
Standard Telephones and Cables 
Limited for the United Arab 


Republic Telecommunications 
Organisation, this important 
“first in the United Arab 


Republic’’ project will provide 
the Nile Delta with the most up 
to date techniques in telecom- 
munication. 





TELEPHONE CABLE DIVISION: 
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Telescoped and cross-section 
samples of 6-core coaxial cable. 


A 6-core coaxial cable equipped 
initially for 960 channels will 
link Cairo and Alexandria with 
branches to Mansoura and 
Ismalia. A total route length of 
over 400 km. 

The system will provide high 
quality circuits for future trans- 
mission of T.V. and music, to- 
gether with a number of short 
haul carrier telephone circuits. 


NORTH WOOLWICH - 


LONDON 


THE UNITED 
ARAB 
REPUBLIC 






Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 
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a 
| Bullers cERAMIC 


FOR INDUSTRY 











High quality material and 
dimensional precision are 
attributes of Bullers die- 
pressed products. 

Prompt delivery at com- 
petitive prices. 


We specialise in the manufacture of 


PORCELAIN 


for general insulation 


REFRACTORIES 


for high-temperature insulation 


FREQUELEX 


for high-frequency insulation 


PERMALEX & TEMPLEX 


for capacitors ein 





























—— 





— 

















BULLERS LIMITED ~~ 




















MILTON - STOKE-ON-TRENT - STAFFS 











Phone: Stoke-on-Trent 5432! (5 lines) - Telegrams & Cables: Bullers, Stoke-on-Trent 




















N / 
bint 








=~ Ironworks: TIPTON, STAFFS = London Office: 6 LAURENCE POUNTNEY HILL, E.C.4 
— 

















Phone: Tipton 169! Phone: MANsion House 9971 LL 


— 











—__- 
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—_— ~~ 
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watch 
this space 


this is where you will be fitting your latest item E 
of laboratory electrical equipment ; whatever goes here i 

must be above suspicion. So when you come to fill 
this space, think in terms of Siemens Ediswan.. . 


tt 

SttMEQ, 

*Diswad 
ences 












v. Stabilised Power Unit Type R.1095 ~ 
4a Outputs : (1) Continuously variable highly 
} stabilised D.C. output between 120 
3 i and 250 volts. Load 0-50 mA. 
(2) Unstabilised centre tapped 6.3 volts 
A.C. supply at 3 amps. 

Stability : 10 volts mains change or 0-50 mA 
load change result in less than 
0.15V change of output which is 
effectively independent of mains 
frequency and waveform. 





be a 


: ~ Output Resistance: Less than 32 under all conditions. a 
We use—and misuse—all kinds of our own Ripple: Approximately 2mV R.M.S. with either ; 
equipment in our own laboratories. So when we positive or negative terminal earth. 


design and manufacture for you, we incorporate 
ideas and improvements that are fed back from a 
resident panel of keen critics whose only interest 

lies in getting the best equipment possible for the job 
in front of them. Here are a few of the 


Low Frequency Oscillator Type R.2125 
For testing, calibrating and setting up amplifiers, 
* vibration recorders, wave analysers and oscilloscopes. 


Frequency Range: 1 c/s—130 Keys. 
Frequency Accuracy: 2% 





items in which you reap the benefit of o 
their influence and experience. Output: Sinusoidal. Balanced push-pull, 50 
Stabilised Power Units volts p-p. maximum on open circuit. 
Attenuator: 5 x 20dB steps plus 0-20dB 


These units are manufactured to tight 
specifications and offer an extensive range of ‘ 
stabilised outputs. They incorporate a number of a 

additional facilities and are all designed 

x for standard 19-in. racking or bench use. 

We'll be happy to send you our latest catalogue 


describing this equipment and giving all wed 3 Sl EM EN S EDISWAN 
"<i owe asceaueed thomas Reetind dentiom: LABORATORY 
ELECTRICAL EQUIPMENT 


continuously variable. 
Output impedance:  6002-0-6002. 
Bench or 19-in. rack mounting. 


BLIZA 


we invite you to send for literature or fuller 

information about those that interest you: 

Siemens Ediswan Clix Radio and TV Components— 
Valve Holders, Plugs, Sockets, Screening Cans, etc. 
Siemens Ediswan PTFE Insulated Instrument Wire— 


ee 


SOE cee SIEMENS EDISON SWAN LTD 


An A.E.1. Company. PD 17, 155 Charing 
Cross Road, London. W.C.2 











—SS In 11 colours (and with trace). Conforms to Fp swat 
SS Sections B & G of Specification Telephone: GERrard 8660. 
————— EL. 1930 Ministry of Supply (Air). Telegrams: Sieswan, Westcent, London, 


crc17!/rS 
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GA2 Size II 
multi-bank ROTARY SWITCH 


Inter-Service size Il while providing all the 


A miniature switch complying in size with 





facilities offered by larger types in current use—that, in short, is the significance of 


the GA2 size II with roller-click mechanism now introduced by Plessey. 


Specification: 


Improved techniques enable 22 fully insulated contacts to 
be used on each wafer and each contact is rated at the 
full 250 V a.c. The switching combinations are therefore 
increased. The GA2 size II switch has full Inter-Service 
approval, Certificate No. 1116/2 (2096), 1201/1 (2069/1). 


Switch assemblies up to 8” in length (approximately 
15 wafers) are normal practice, but considerably longer 
assemblies, with extra supports, are entirely satisfactory. 


The contacts on this sturdy little switch are held in position 
by the unique “ Wedgelock”’ rivet, while the roller click 
indexing mechanism confers the benefit of assured indexing 
accuracy throughout a long working life in conformity with 
Ministry requirements specified in R.C.S. 154. 


Application: 


This switch is especially suitable for all applications in com- 
munications and is recommended for Ministry equipment, 
particularly where lightness and reliable performance is 
required under arduous conditions. It makes an immense 
contribution to miniaturisation with no loss of efficiency. 





Customer service for prototype switches: 

To avoid time wasted in assembly of prototype switches from 
individual parts, Plessey offer a GA2 size II switch kit enabling 
at least 50 switches to be assembled rapidly and easily — using 
unit-parts—to production standards by relatively unskilled 
labour. A simple order chart positively identifies the required 
switch combination for quality production. 











To appreciate fully its capabilities and applications, please write for leaflet No. 104. 





Components Group 


| Plessey 





THE PLESSEY COMPANY LIMITED - NEW LANE - HAVANT - HANTS - TEL: HAVANT 1701 
Overseas Sales Organisation: Plessey International Limited - I/ford 


Essex - Tel: Iiford 3040 
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LOUDSPEAKER SYSTEM 


The complete answer to the demand for a reasonably priced high quality speaker 
for the reproduction of stereophonic recordings in the home. 
Utilising two very small pressure type direct radiator units for the higher frequencies and 
two 12” reproducers for the lower, the equipment covers a response which is 
substantially level from 35—15,000 c/s, with true stereophonic effect. 





HIGH NOTE PRESSURE TYPE UNITS 


The price for two HF.1300 Designed and developed in CELESTION Laboratories this class of unit has been manufactured for 
special purposes over the past five years. A new unit, Model HF.1300, has been introduced for the new 
and two G.44 units, complete stereophonic system and its smooth response and wide dispersion ensure an exceptionally high standard 
of reproduction of the higher frequencies. 


LOW NOTE REPRODUCER G-44 


This new 12 in. Loudspeaker has been designed specially to work in conjunction with the HF.1300. A 
skilfully balanced voice coil and cone assembly with correct cone edge termination result in a level and 


clean low frequency response. 
o ¥ 
$1 8 1 0 * 0 COMPLETE SYSTEM 


The system uses only one enclosure, 15 in. high x 42 in. wide x 18\ n. deep, having a central dividing 
partition with one G.44 unit mounted at each end. The enclosure should then be positioned near the 
centre and against one wall so that the speakers are facing outwards and are about 2 ft. 6 in. from the floor. 
The two HF.1300 units should then be placed near the corners of the room, one on each side of the 
enclosure and approximately 4 ft. above the floor. The width of sound will very nearly correspond to the 
distance between these two units. No elaborate cross-over networks are required and the system is 
completed by a 12 Mfd. capacitor in series with each high note unit. 


oeems ont exert» CELECTION 


Celestion Ltd., THAMES DITTON - SURREY Phone: Emberbrook 3402/6 


with ‘enclosure details 
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KLYSTRON 8?) 1/3 oe) ee S| 


Stabilised 
d.c. 


heater 


REGD. TRADE MARK 











The Type 380 Stabilised Power Unit is 
designed to obtain the highest possible performance 
from plug-in klystrons CV2116, CV2346, KS9-20, 
KSg9-20A and K300, etc. 


It contains a stabilized d.c. heater supply 
with a stability factor of 50: 1 in 
addition to first grade reflector and 
resonator stabilizers. 


Modulation at 2.5 to 4.0 Kc/s is provided by 

an internal square wave generator and facilities are 
available for external square or sawtooth 
modulation. 


A sync output which is locked to the internal 
square wave may be used to trigger 
external units. 


Please write for leaflet B.36. 


MICROWAVE INSTRUMENTS 


ELECTRONIC ENGINEERING 


Note our only address: L | M | T E D 
WEST CHIRTON INDUSTRIAL ESTATE - NORTH SHIELDS 
NORTHUMBERLAND. Tel : NORTH SHIELDS 3606/7. 
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PAINTON Miniature Vitreous Wirewound Resistors 















































— . 7 shoe ‘6 
sia Resistance 
ating Range til 
(at 20°C) TYPE aan Tolerance i 
Watts 
Min Max 
4 MV1A 1 9.9 10% 
10 | 6,800 5% 
7 301A 2 |68,000 5% 
10 302A 4 140,000 5% 
5 306A 1 |33,000 5%, 
Protected by Patent Nos. 626128 & 575279 
* Fully Type Approved to RCS i11 
* Top Quality * Quick Delivery 
. Competitive Prices 
Painton &Co. Ltd. * P 
KINGSTHORPE NORTHAMPTON ’ ; 
Tel: 32354-7 Telegrams: ‘Ceil Northampton’, Amays Specify feunion Mirewounde 
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when angling for an idea... 


e 


. . . Many ingenious plans are hatched. But here’s the best and the simplest of them all— 
WHENEVER YOU CAN, CALL IN BRAYHEAD. 


There'll be plenty of opportunities to follow this sound advice, for we have a versatile team 


of perfectionists, who provide components for the Electronic and Engineering Industries. 








te te ae 








We design and manufacture all spring components, pressings, clips, the most advanced 


type of TV. turret tuner unit and the famous ‘Metpaks’ shock absorbers. 





All are made to exacting standards and offered at such realistic prices that leading indus- 


trialists specify Brayhead every time. 


BRAYHEAD 


FULL VIEW WORKS + KENNEL RIDE + ASCOT + BERKS 
Telephone : Winkfield Row 427/8 or Ascot |907/8/9 
Telegrams: Brayhead Ascot 
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, . 

n all— ; 

° | 

e team . 
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: ° 
 snallsize i Big # Performance 
; Performance Plessey ‘E’ type electrolytic 
. capacitors give exceptional capacitance per 
: unit volume due to their sintered porous 

vanced ‘ anodes plus the familiar stability of 
. tantalum oxide dielectric. 


* Diameter only -25 in. (6-35m.m.) 
* Temperature range —55 to 85°C 

* Capacitance tolerance —20 to + 50% 
* Leakage current 0:5yA (Max) 

; after 3 minutes at rated voltage 


‘CASTANET’ TANTALUM ‘E’ Type Capacitors 


Range 4uF., 70 V.d.c. to 200pF., 3 V.d.c. 
OTHER TYPES: ‘A’—souF 70 V.d.c. to 750pF 3 V.d.c. ‘f’—1pF 70 V.d.c. to 20uF 3 V.d.c. 


Application Particularly useful where long 
life, low leakage current and wide tem- 
perature range are important ; their small 
size and electrical characteristics make 
them especially suitable for use in transistor 
circuits. Write for Publication No. 111, 
which gives details of the complete range. 


indus- 





: THE PLESSEY COMPANY LIMITED Plessey 


Chemical & Metallurgical Division - Components Group 
Wood Burcote Way - Towcester - Northants - Tel: Towcester 312/6 





Overseas Sales Organisation: Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 
‘CASTANET’ is a Registered Trade Mark 


ee FP CSF Se VACA TA SSP. ORO EASE eA COS OO 6 Oe 2.8 8.6.66 6.6 2 6 OO 6S ®. 6 6.8.4 6.3.2 O46 eS Oe Oe Sw» Ob eS BS SO ee eee 2 se. ee 


PW) re14 
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The range of Cinch ‘‘J’’ type plugs 
and sockets includes 4, 8, 12 and 
20 way types. Both plugs and 
sockets are suitable for cable 
connecting or for inter-chassis 
connection as unitors. 


The specially designed contacts 
each have 12 resilient fingers which 
engage with the corresponding plug 
blade, resulting in high electrical 
efficiency matched by consistent 
smoothness of operation. 





Suitable for soldered or wire-wrapped connections 














12 way Plug and Socket in Mikacin Moulding 


| 
| 
| 
| 
| 
| 
| 
| 


CARR FASTENER CO LTD 
STAPLEFORD + NOTTINGHAM 
LONDON: 197 GT. PORTLAND ST., WI. PHONE: LANGHAM 3253/4/5 
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A NEW CONCEPT 


U hheuhehthedhedeatanl 
T maiaall 


Mullard 








plugs 

; and 

and ™ 

cable adjustable pot cores gives you 

assis 

* 

naa WIR UAiA advantages 

rhich 

plug 

rical 

stent * Wide range of sizes Mullard Vinkors are the most efficient 
adjustable pot core assemblies com- 

+. Easily assembled mercially available. In addition to high 

performance, they have the distinct 
advantage of close tolerance permea- 

ee @ Close tolerance 


a a bility, thus enabling designers to 
} permeability 


precaiculate to within +3% the induct- 


ance of the core when wound. Final 


bea} @ Precise and easy adjustment, taking into account normal 


inductance adjustment capacitor tolerance, can be easily 


: effected to an accuracy of better than 
@ Stability 0.02%, by means ofasimple self-locking 
.. device built into the core. 
e @ Single hole chassis Write today for full details of the wide 
mounting range of Vinkors currently available. 





Mullard 


VINKOR POT CORES 





a 
3253/4/5 MULLARD LIMITED - COMPONENT DIVISION - MULLARD HOUSE -: TORRINGTON PLACE - LONDONw.c.! 
y MC280 
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Build your digital instrumentation systems 

















* ANALOGUE OR DIGITAL TIME BASE * 10-SECOND GATE 
* FACILITIES FOR REMOTE READ-OUT AND PRINTING < 19-INCH 
RACK MOUNTING <* BUILT-IN RELIABILITY WITH PRINTED 
CIRCUITRY - PLUG-IN UNITS FOR EASE OF SERVICE 


Increasingly, digital counting equipments are being used as integrated parts of a 
control or instrumentation system. The basic measuring/counting/timing 
instrument must readily lend itself to a variety of duties and to adaptation and 
development within the envisaged system. 

With the analogue time-based SA.43 (illustrated above) or its digital 
counterpart, the SA.44, the following functions are offered at low initial cost: 





(photograph by kind permission of S. G. Brown 


Lid., of Watford.) Frequency measurement from 10 c/s to 100 kc/s. 

An SA.44B/10 is shown here operating Time interval measurement from 10 microseconds to 1,000 seconds. 
with a RACAL MA.51 photo electric 

probe checking speeds of gyroscopes Random or regular pulse counting. Using suitable tachometer-transducers 
used in air and marine applications. shaft speed measurement is also easily performed. 


Write for full details of these and other Racal Digital Counting Equipments 


INSTRUMENT DIVISION 





RACAL ENGINEERING Limite pb 


Western Road, Bracknell, Berkshire. Telephone: Bracknell 941 Telegrams/Cables: RACAL BRACKNELL BERKS 
N. ENGLAND AGENT: Farnell Instruments, Ltd., Wetherby Industrial Estate, York Road, Wetherby, Yorks. Tel: Wetherby 2691/2 ( 
SCOTTISH AGENT: A. R. Bolton & Co., Ltd., 3A St. Vincent Street, Edinburgh. Tel: Edinburgh 32035 

es 
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* REPLACEMENT 
* PROTOTYPING 
* STOCK CONTROL 











Our “MAKA-SWITCHES” 
(supplied as separate “Shafting 
Assemblies”, “Spacers”’, “Mains Switches” 
and 5 Combinations of ““Wafers’’) enable 
you to build almost any “Rotary” up to 6 
Banks, thus solving all your SWITCHING 
PROBLEMS! 











You can now build almost any Mains Dropper by 
using our “MAINS DROPPER SECTIONS”. 
Available in a range of 32 Values (2 sizes). Another 
one of your headaches (especially T/V Droppers) 
gone! 








4-8 MAPLE STREET - LONDON ENGLAND 


Telephone: EUSton 1232-7 


TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
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The Rolls-Royce Altitude Test Plant at Derby 
uses Beckman /Helipot Potentiometers 
exclusively 

for valve position control and 

generation of control signals. 





\ 


\ 


Above: Series ‘C’ Helipot, two gang unit, mounted on Beckman/Helipot precision wire-wound helical potentiometers offer: 

a large control valve at the Rolls-Royce Altitude Test superior resolution . . . superior linearity—continuous test on produc- 

Plant, Derby. These potentiometers ensure an accurate tion . . . low noise—all pots tested to close specification . . . wide 

and fine control of temperature and pressure in the ambient temperature range... low temperature coefficient ... long 

engine test cells, corresponding to the desired altitude life . .. and can be supplied with multiple taps welded to individual 
conditions. wire turns, without reducing resolution. 


We shall be pleased to discuss your applications and advise suitable 
types. All British-made Helipots can be supplied at competitive prices 
from stock, in a wide range of resistance values. 

Special requirements can be met to order. 

Write for data sheets to Dept. EE2 


Helipots provide reliable, long-life operation, embody- 
ing 15 years’ continuous improvements in design and 
manufacture. 


Beckman: Instruments Limited 


Glenrothes. Fife. Scotland 
Tel: Glenrothes 551 Telex: 72135 
Sales and Service, England and Wales:- 


WINSTON ELECTRONICS LTD Govett Avenue, Shepperton, Middlesex, Walton-on-Thames 6321 


79422 


ELECTRONIC ENGINEERING 30 DECEMBER 1959 





R 





1959 





EE 16033 for further details 


Oscillographic recording 
and testing equipment 
from Siemens Ediswan 


If your work involves the study of fluctuating or intermittent phenomena, 

you should know more about these instruments. 

The versatile High Speed Pen Recorder unit can be supplied singly or grouped 
in multiples of four up to a maximum of 16 channels and suitable 

amplifiers having a sensitivity of 1u“V/mm a.c. or 10 mV/mm d.c. can also 

be supplied. These combinations are already making permanent economical 
records in industrial, physiological and physical research. 


— 


LOW FREQUENCY OSCILLATOR TYPE R.2125 


The Low Frequency Oscillator is a general purpose R.C. 
instrument designed for testing, calibrating and setting up 
amplifiers, recorders, and low frequency wave analysers. 








! 
Frequency Range 1 c/s to 132 Ke/s 
i Frequency accuracy Py A 
} Output Balanced push pull, 50 volts p.p. 
| maximum on open circuit. 
; Attenuator 5 x 20 dB steps plus O—20 dB 
| continuously variable. 
|e «ae a Output Impedance 600 N—0—600.Q 


i 
| 


PORTABLE RECORDER TYPE EPR 


The Siemens Edison Swan pen oscillograph 
is a portable 1 to 4 channel, high speed, 
direct ink writing, recorder. 
The pen motor coil is 1450 ohms centre tapped. 
Frequency response within 10% from 0-70 c.p.s. 
Pen motors can be supplied with coil resistances 
of 230 ohms for use with transistors. 
Maximum deflection of pen tip 4 cms peak to peak. 
An electrical time and event marker is 
provided, writing on the lower edge of the paper. 
The 4” wide paper is driven by a rubber 
covered capstan roller and speeds of 

. 0-75 cms/sec. to 12 cms/sec. can be obtained. 








8 CHANNEL PEN RECORDER UNIT ee 1 


The pen motors incorporated in this unit are | 

identical to those used in the 4 channel pen oscillograph. 

The unit includes 8 pen motors fitted into a magnet block, 

two time markers, ink system and paper drive mechanism. 

Three speeds of 1-5, 3 and 6 cms/sec. are available. 

The unit is offered as shown in the photograph and is 

intended for incorporation into the users own equipment. 
A 16 channel version of the above unit is also available. 


We shall be pleased to send you particulars of these products 
SIEMENS EDISON SWAN LTD. 





i 
An A.E.I. Company [ : 
PD 17. 155 Charing Cross Road, London WC2 i 
Telephone: GERrard 8660 [ 
Telegrams : Sieswan, Westcent, London . — - - 
cac 17/19 
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SAUNDERS -ROE 
specify 
HASSETT & HARPER 
CABINETS 


In these Hassett & Harper Cabinets and Consoles, 
Saunders-Roe housed specialised equipment for 
testing and firing the all-British Black Knight 
Research rocket. 

Saunders-Roe Limited are just one of our customers 
who appreciate the lively interest which our 
engineers display in every job they do. 

From the initial construction stage, through pilot 
development work, to the completion of a precision 
engineered job delivered on time, we operate with a 
dual ideal in mind: to give the customer what he 
needs and to maintain Hassett & Harper standards at 
their consistently high level. 

The standard range of Hassett & Harper Cabinets, 
variable in a wide combination of ways, meets most 
requirements, while a custom-built ‘special’ can meet 
any requirement. Ministry K114 Standard is regularly 
adhered to. 

You should have details on file. May we supply 
literature ? 


HasscH é. Heder lid 


REGENT PLACE ' BIRMINGHAM 1 
Telephone : CENtral 6418 


LONDON SHOWROOM : 
GREAT CUMBERLAND PLACE + LONDON W.1 
Telephone : Paddington 469! 


DECEMBER 
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VIBRON GENERAL PURPOSE ELECTROMETER 


The VIBRON is a _ new electronic 

component for sensing the minutest 

d.c. currents and voltages which it is 

possible to detect. It is a vibrating con- 

denser unit of unique design which has been 

developed in the research laboratories of 

E.I.L. and forms the heart of a whole new 

range of electrometers having a performance 
unapproached by other means. 

With an input resistance of 10'® ohms and a 

zero drift which can be as low as 10, V an hour, 

VIBRON Electrometers open up new fields of measure- 

VIBRON LABORATORY ELECTROMETER ment and are a further example of leadership in 

instrument research by E.L.L. 




















OTHER E.I.L. ELECTROMETERS 
VIBRON CHROMATOGRAPHY AMPLIFIER VIBRON LOGARITHMIC ELECTROMETER 
VIBRON NUCLEONIC WEIGHT CONTROLLER VIBRON PICOAMMETER 
VIBRON FLUX SCANNING ELECTROMETER VIBRON GAMMA DENSITY GAUGE 











ELECTRONIC INSTRUMENTS LIMITED 


RICHMOND : SURREY: ENGLAND >: R!IChmond S656 
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Voltage Amplifiers 





MODEL 1439 WIDE-BAND AMPLIFIER 
for TV and VHF distribution systems. 

The Amplifier is designed to provide simultaneous 
distribution of signals anywhere in Bands I, II and III, 
enabling a common aerial to be used for a number of 
television or VHF radio receivers or other applications 
requiring a wide band voltage amplifier. 

Voltage gain: 20dB at 60 Mc/s. 

Bandwidth: better than 40 Mc/s—220 Mc/s. 

Output voltage: 3V pk-pk max. 

Input and output impedance: 72Q (matched coaxial). 


MODEL 1442 LABORATORY 
HIGH-GAIN AMPLIFIER 


Model 1442 has been designed for use in the Labora- 
tory and is suitable for voltage amplification in the 
low frequency ranges. It can be used for special 
applications in Industry, Nuclear Physics Labora- 
tories, neuro- and myo-graphic investigations and 
similar purposes. 

Frequency response: 5c/s—Skc/s (gain 10* and 105) 
25c/s—3kc/s (gain 10°). 

Gain: 10° Max. Switched and variable controls pro- 
vide continuous variation. 

Input: balanced or unbalanced, impedance 20MQ 
(grid-grid). 

Output: balanced or unbalanced. 

Output voltage : 400V pk-pk max. 

Calibration signal: 0.1 mV, [mV or 10mY. 





MODEL 1440 PRE-AMPLIFIER 


This instrument is a directly coupled pre-amplifier of 
high stability which has been designed for use in 
cascade with a further amplifier or with a recording 
device. 

Frequency response: d.c. : 0O—SOkc/s, a.c. : Sc/s—SOkce/s. 
Gain: continuously variable 10-55 (d.c.), 165 (a.c.) 
Input: balanced or unbalanced, impedance 11.2MQ 
(grid-grid.) 

Output: balanced or unbalanced, impedance 2000Q 
(output !—output 2). 

Output voltage: 5V pk-pk max. (output 1—output 2). 
Calibration signal: ImV or 10mV. 









Write for the latest Cossor catalogue or ask for a representative to 
call and discuss your special requirements. 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 
















Telephone : CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone, London Cables : Cossor, London Codes : Bentley’s Second 
TAS/CI.17 
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Transistorized Power Units 







HIGHLY STABILIZED OUTPUT 
VERY LOW OUTPUT IMPEDANCE 
VERY SMALL RIPPLE CONTENT 





MODEL 1328 LABORATORY POWER UNIT 


Model 1328 provides a continuously variable output monitored by two 
front-panel, mirror-scale, voltage and current meters. It is eminently suit- 
able for use in the design stage of transistor circuits where a power supply 
of high purity is essential. 











Output: 0-30V at 1A. 












MODELS 1326 & 1329 LOW VOLTAGE POWER UNITS 


The 6V Transistorized Power Unit Model 1326 is an ideal supply for transistor d.c. 
amplifiers, transistor pulse-technique circuits and filaments of thermionic valve 
amplifiers, particularly in low-level microphone stages. 


MODEL 1326 MODEL 1329 
Output: 6V at 0-2A, Output Voltage: Continuously variable 5V-10V. 
Output Current: 0-1A in range 5V-9V 


0-0.5A at 10V. 






(chassis mounting) 


MODEL 1327 BATTERY ELIMINATOR 


The Battery Eliminator Model 1327 has been designed primarily to power the 
Cossor Pre-amplifiers, Models 1430, 1434 and 1440, but it can be used in many 
other applications requiring a power unit to provide high and low tension supplies. 


L.T. Supply: Output 6V-6.5V at 1.7A. 
H.T. Supply: Output 120V at 1SmA. 


Please send for the latest Cossor Catalogue or ask for a representative 
to call and discuss your special requirements. 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5. 


Telephone: CANonbury 1234 (33 lines). Telegrams: Cossor, Norphone, London. Cables: Cossor, London. Codes: Bentley's Second. 
TAS/CL.18 
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* LIGHT * POWERFUL * SPEEDY 


%* RELIABLE * LOW COST 


Wherever ARO-BROOMWADE tools are used, costs 
per unit of production fall, profits per unit 

rise. Why not find out NOW 

how these tools can save you 

money. Demonstration on request. 





Lever Model 





Pistol Model 











LIGHT, SPEEDY DRILLS 


A real asset in Aircraft, Electrical, Television, Radio 
and other light industries. Both models weigh less than 
13 lb. Best power/weight and power/air ratios. Locked- 


3” 1" 


in motor. Capacity # 

















SILENT, REVERSIBLE SCREWDRIVER & NUTRUNNER 


A high-speed tool (1800 R.P.M.), weighing 
approximately 14 lb. Readily converted to 
either function. Instant push-button re- 
verse action. Adjustable clutch can be 
pre-set to correct torque, the clutch jaws 
automatically disengaging at the required 
tension. 



































Write or phone for 
Publication No. 439 T.E. 























AIR COMPRESSORS & PNEUMATIC TOOLS 
Your Best Investment 


Broom & Wade Ltd., P.O. Box No. 7, High Wycombe, England. Telephone: High Wycombe 1630 (10 lines). Telegrams: Broom, High Wycombe. (Telex) 


~ 688SAS 
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PHOENIX WORKS 








Oooh ete t ete eet ete? 





KEARFOTT 


SIZE I! RESOLVER 


for a wide range of computing applications 


and position control 


These Precision Resolvers conform to the American 
BuOrd Size 11, having two separate phases on the 
stator and two phases with one common terminal 
on the rotor. The output is a sine and cosine ex- 
pression of the angular position of the rotor and 
the Resolvers are used in computor networks to 
rotate rectangular co-ordinates or for the conversion 
of Cartesian co-ordinates to polar co-ordinates or 
vice versa. 

Two types are available, the 11R13N4 having a 
high impedance and the 11R2N4 a low impedance 
application. The 11R2N4 is particularly suitable 
for high frequency operation and has been used 
successfully on 10 Kc systems. 


Srommo 3 
7 54 $4 Ro 
TERMINAL 
CONNECTIONS 
S3 Ry 


R. B. PULLIN 
& CO.LTO. 
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Actual Size 

















DELIVERY EX STOCK 











Electrical Characteristics IIRI3N4 | TIR2ZN4 

(Average with rotor as primary) 
Input voltage at 400 cyles, volts 26 26 
Input current, milliamps 20 52 
Input Impedance rotor rotor 

(measured on one winding with — | 

all other windings open circuited) 1300 ohms | 200 ohms 
Input power, watts 15 "34 
Transformation Ratio 846 490 
Voltage gradient volts/Degree 38 22 
DC resistance rotor, ohms 200 14 
DC resistance stator, ohms 130 76 
Phase shift degrees 10° 
Residual voltage total, millivolts 58 27 
Residual voltage fundamental millivolts 38 17 
Electrical Error, minutes 7 max. 7 max. 














GREAT WEST ROAD 
Telephone: Isleworth 1212 (9 lines) 





Mechanical Characteristics 





Friction 25°C. 

Rotor moment of inertia 
Shaft end play 

Shaft radial play 
Electrical connections 
Weight 





Operating temperature range — 50°C. + 100°C. 
4 gm. cms. max. 
2 gm. cms. 
0015 max. 
"0005 max. 
7 terminals 
approx. 120 grams 








MIDDLESEX 


DECEMBER 


ENGLAND 


Telegrams: Pullinco, Wesphone, London 


1959 
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phone, London 
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Equipped by Marconi 
to meet the 

major radio requirements 
of a modern airliner 


COMPLETE AIRCRAFT AND AIRPORT RADIO SYSTEMS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 
M.2A 
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No exposed metal parts other than terminations, 
which are clean solder coated, thereby ensuring 
easy soldering. 


Body and terminations free of wax coating oF 
any other low melting point material. 


e 
Long life without voltage derating. 


7 

Designed to meet the requirements of British 
Joint Service Standards RCS 131 and BS 2131 
with humidity classification H.2. 


* 
Solid construction eliminates internal movement, 
preventing damage by severe vibration. 





DUBILIER ENCAPSULATED PAPER DIELECTRIC 
TUBULAR CAPACITORS HAVING OUTSTANDING CHARACTERISTICS 


The Dubilier Capacitor Type 560 is a new approach to capacitor requirements for all radio and electronic 
applications. It is constructed to meet long and arduous service conditions. The paper dielectric 
element is impregnated with a plastics material to produce a solid unit. The terminations are of great 
mechanical and electrical strength and the assembled element is sealed in an encapsulated mineral 
loaded epoxy resin so that there are no parts capable of movement, making the capacitor completely 
immune to shock and all normal atmospheric conditions. 

Capacitance Tolerance; +20% normal +10% by selection. Power Factor; Less than 1% at 1,500 c/s. 
Insulation Resistance; Better than 20,000MQ at normal temperature. Voltage Application; From—40° 
to +125°C for d.c. and from —40° to + 70°C for a.c. 











VOLTAGE RATINGS | DIMENSIONS 
CAPACITANCE! 4 — We. at —40° d.c. Test |" Wkg. r.m.s. at | Diameter Lensth 
i UF hie tal | ar 20°C | Pe tein | 0.020" 0.040" ware: 

0.001 1,000 2,500 250 | 3 ! 
0.002 1,000 2,500 250 } ' 
0.005 1,000 | 2,500 | 250 3 l 
0.01 1,000 | 2,500 250 3 1} 
0.02 750 2,250 250 3 1} 
0.05 500 | 1,500 250 ; F 
0.1 350 1,000 | 180 } 13 
0.1 500 1,500 | 250 } 143 

















DUB SINE: 


DUBILIER CONDENSER CO. (1925) LIMITED, DUCON WORKS, VICTORIA ROAD, NORTH, ACTON, LONDON W.3 


Telephone: ACOrn 2241 (5 lines) Telegrams: Hivoltcon London Telex 
Cables: Hivoltcon London Telex : 25373 
DN 242A 
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RECORDER 

















LEVEL VS FREQUENCY — 


Paper drive read- 
ily couples to the 
frequency-control 
shaft of a generator 
or analyzer to pro- 
duce frequency re- 
sponse plot auto- 
matically. 


ye > ea 





REGES | 
ae ae 


LEVEL VS TIME . . . Plots 
linearly in db on cali- 
brated chart paper with 
4” recording width. 


The ‘GENERAL RADIO’ Type 1521-A Graphic Level Recorder 
provides permanent ink records of the response of electronic 
and electro-acoustical devices as a function of either frequency 
or time. It can also be used as a linear dc recorder. 


» Traces the rms level of ac voltages 


from 20 c/s to 200 kc/s. 


High Sensitivity ... 1 mv minimum 
input level, corresponds to 0-db 
point on chart paper. 


> Input Ranges ... 40-db ... 20-db 


» 


and 80-db ranges provided by 
accessory plug-in Potentiometers 

. 0-8v full scale for de recording, 
with accessory Linear Potentio- 
meter. 


60-db Calibrated Attenuator 
changes 0-db level from 1 mv to 
lv in 10-db steps. 


Rms Response . . . preferable to 
peak or average response, as it is 
more nearly independent of input 
signal waveshape. 


* Four Pen Writing Speeds... 1, 3,10, 


DC VS TIME. . . Easily con- 
verts to a linear dc re- 
corder capable of plotting 
instantaneous value of 
waveform from dc to 10 c. 


and 20 in/sec (10, 30, 100, and 200 


. Four Paper Speeds. . 


s Input Impedance .. . 


db/sec with 40-db Potentiometer) 
with less than 1-db overshoot. 


«t'S, 134 25, 
and 75, in/min. Accessory slow- 
speed motor provides speeds from 
2:5 to 75 in/hour. Recorder can be 
driven in reverse as wellas forward. 


e Static Accuracy is better than 1/64” 


or 0:-4% of full scale; fast servo 
system with low overshoot pro- 
vides excellent dynamic accuracy. 


10 kQ for ac 
level recording, 1 kQ for dc re- 
cording. 


> Can be either bench or rack 


mounted. 


» Drive and Link Units available for 


coupling to generator or analyzer; 
chart papers available calibrated 
linearly, logarithmically, or for 
use with G-R Sound Analyzer. 


Write for Complete Information 





Glaude Lyons Td. (E 


Sole U.K. representatives of the General Radio Company, U.S.A. 


Valley Works 


Hoddesdon - Herts 


Telephone: Hoddesdon 4541-4 
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ELECTRICAL 









CONNECTORS 





THORN AN SERIES 


The Thorn AN series of electrical connectors includes solid shell/ 
general purpose, pressurised and environmental resisting ranges. By 
specifying Thorn, designers are assured of a genuine AN connector for 
their installations . . . a connector designed strictly to the current 
MIL specifications. 


Note these outstanding design and operating features. 
* Die-cast aluminium alloy shells cadmium plated for corrosion resistance. 


* Resilient insert eliminates shrinkage problems and ensures superior 
electrical performance through high arc resistance, high dielectric 
strength and low moisture absorption. 


* Thorn grommet increases flash-over and creepage distances, excludes 
dirt and mojsture. 


* Pressurised, water-tight, radio-quiet assembly. 
* Maximum performance, minimum weight. 




















THORN PYGMY PT SERIES 


A new range of miniature connectors that satisfy the requirements of 
R.C.S. 321 (Category 40/100, class H.2 sealed items). Thorn Pygmy 
connectors are ideal for applications where space is limited and weight 
represents a critical factor of the installation. 

* Heavy gold plating over silver on all contacts. 


* Performance unimpaired over a continuous temperature range from 
—40° to +100°C. 


* Visual and audible inspection of coupling—perfect for “blind” locations. 


* Three-point bayonet lock; perfect axial alignment of mating parts at 
all times. 





* Five-key polarisation—positive protection against mis-mating or cross 
plugging. 
* Miniaturised—light weight—compact. 

















THORN ELECTRICAL INDUSTRIES LTD AIRCRAFT COMPONENTS AND CONNECTOR DIVISION 
GREAT CAMBRIDGE ROAD ENFIELD MIDDLESEX TEL: ENFIELD 5353 
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G.E.C. Zener diodes remain constant in breakdown voltage 
throughout thousands of hours’ service under the 
most arduous conditions, i.e. at maximum dissipation ratings! 


AN EXTENDED RANGE OF SILICON ZENER DIODES 









































—_ 
For use as: | Voltage at — 5mA (V) Temperature coefficient Typical slope Maximum dissipation (mW) 
eins | Type - of breakdown voltage resistance at 
e Voltage stabilising elements min. max. (%/°C) —20mA. (2) | at 50°C at 100°C 
: SX47 4-4 49 —0-04 to —0-01 13 } 
e Voltage reference diodes 
SX51 49 53 —0-03 to 0-00 10 
¢ High speed clamping diodes SX56 5:3 5-9 —0:02 to +0-02* “ 
e Limiters $X62 5-9 65 0-00 to +0:04 4 > 300 > 150 
| Sx68 6°5 7-2 +0-02 to +0-05 4 
| $X75 72 7-9 +0-03 to +0-06 5 | 
$x82 7-9 8-6 +0-04 to +0-06 | 7 J | 
— 

















*$X56—Selections for closer tolerance can be made to special requirements. 


SEMICONDUCTORS 


For full information on these and many other types, please write to:— 
G.E.C. Semiconductor Division, School Street, Hazel Grove, Stockport, Cheshire. 
Telephone: Stepping Hill 3811 or for London Area ring Temple Bar 8000, Extension 10. 
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START 


how you like... 

















_. but ‘FINISH’ with 


LUXOL 


There are twenty-one standard finishes in the famous 
LUXOL family. Almost certainly the finish best 
suited to your product and your assembly line is 
amongst them. Herearea few ofthe LUXOL family:— 





CRABTREE SWITCH, manufactured by J. A. Crabtree & Co. Ltd., 
finished in Stoving Finish Standard Quality. 








BY APPOINTMENT TO 
HER MAJESTY QUEEN ELIZABETH 11 
MANUFACTURERS OF PAINT 


LUXOL | LUXOL BRITISH PAINJS LIMITED 
Standard Stoving Finish | Hammered Finish 
BRITISH PAINTS 
LUXOL | LUXOL 
Quick Drying Finish Stoving Polychromatic Finish LIMITED 
LUXOL LUXOL 
Wrinkle Finish | Polyurethanes Portland Road, Newcastle upon Tyne, 2 
| Northumberland House, 
LUXOL | EPILUX2 303-306, High Holborn, London, W.C.|. 
Cellulose Finish |  Stoving Finish 


31, Wapping, Liverpool 


Our Technical Advisory Service will gladly co-operate with 
you if your needs are not covered by our standard range 
and will, if necessary, formulate a Finish especially for you. 


BELFAST, BIRMINGHAM, BRISTOL, CARDIFF, GLASGOW, 

LEEDS, MANCHESTER, NORWICH, PLYMOUTH, 

SHEFFIELD, SOUTHAMPTON, SWANSEA AND ALL 
PRINCIPAL TOWNS. 


A FINE FINISH FOR EVERY PRODUCT 
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1 Tyne, 2 
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4 AND ALL 
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TYPE WM1G 


A wide-band, highly versatile instru- 
ment of great sensitivity and range 
at an extremely reasonable price. 
Compact and carefully planned for 
operator convenience, the WMI16 
makes use of plug-in units to increase 
its versatility. An instrument which 
admirably covers the requirements 
of design laboratories, universities, 
government departments in such 
fields as radar, television, computers 
and millimicrosecond oscillography. 
The instrument has been so designed 
that no specially selected components 
are incorporated. 
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What I really need is one of these NEW 





MAIN CHARACTERISTICS 








BANDWIDTH 


MAXIMUM 
SENSITIVITY 


TIME BASE 
SWEEP SPEED 


TIME BASE DELAY 


MEASURING 
ACCURACY 


SIGNAL DELAY 


PLUG-IN UNITS 


ANCILLARIES 





DC-40 Mc/s 


50 mVicm at full 
bandwidth 


20 mu secs/em.-0.5 
secs/cm 


1 us - 0.15 secs 
+ 3% 
0.2 bsecs 


These include : 
Wide band unit, 
Dual trace unit. 


Attenuator Probes, 
Viewing Mask, 
Termination Pad, 
Trolleys, Cameras, 
Binding Post 
Adaptor. 








E. Mi.I. 
OSCILLOSCOPES 











TYPE WMS 


A general-purpose instrument which 
sets a new standard for overall per- 
formance, at a price which is lower 
than that of any other compar- 
able instrument. Incorporates unique 
direct time and voltage measurement 
system. Equally suitable for TV wave- 
form analysis, pulse measurements 
and study of transient phenomena as 
for production testing routine. 





MAIN CHARACTERISTICS 








BANDWIDTH 


SENSITIVITY 


TIME BASE 
SWEEP SPEED 


MEASURING 
ACCURACY 


SIGNAL DELAY 


ANCILLARIES 





DC-15 Mc/s 
50 mVicm-25 Vicm 


50 mus/cm-15ms/cm 


t 3% 


0.25 us 


Various 
attenuator probes, 
pre-amplifier 

type 8, 

viewing mask, 
550 termination 
pad, cameras, etc. 














Ask us now for a demonstration or fora 
leaflet with full details of these Oscilloscopes 


E.M.I. ELECTRONICS LTD 


INSTRUMENT DIVISION 
HAYES: MIDDLESEX : TEL: SOUTHALL 2468 
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and epoxy resin 7 feet long, 9 inches 
wide and 6 feet high of {” mean 
thickness. Made in connection with 
the U.K.A.E.A.’s Proton Synchro- 
ton Project at Harwell. 


Think of a component... 


. . a problem component. which needs to be light but 
very strong . . . corrosion-resistant . . . electrically and 
thermally insulating. Give it a complicated shape. Be as fussy as 


you like about tolerances, as canny as you like about costs. Right? 





Now stop worrying and hand the problem to us. 
The chances are that we can solve it for you—with laminated plastics. 
Marston have had years of experience with laminates based on ‘Durestos’ 
and glass fibre, the unique structural materials for electronic 
components, from vacuum vessels and covers to radomes and radar reflectors. 
If you’ve got a problem component, no matter how 


large or small, we shall be glad to advise you. 


(ey MARSTON EXCELSIOR 


MARSTON EXCELSIOR LTD., FORDHOUSES, WOLVERHAMPTON, ENGLAND 


(A subsidiary company of Imperial Chemical Industries Ltd.) 
MAR.264 
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FOR LOW VOLTAGE MULTIPLE SWITCHING 


A T.M.C. range of 57 vertical Lever Keys has Type Approval from the 
Radio Components Standardisation Committee . . . with this 
distinction: they are the first Lever Keys manufactured in the U.K. to 
receive unqualified approval (Class H2, temperature category — 40°C 
to + 70°C) as catalogued in R.C.L 153, Issue 1, pages 5 and 7. 

These Keys are used in Telecommunications apparatus, Electrical 
Testing equipment, Radio Transmitting and Receiving instruments 
and other appliances requiring low voltage multiple switching. They 
have won an unparalleled reputation for maintaining the highest 
standard of performance over exceptionally long periods. Each is 
produced under the control of a stringent specification and is subject 
to critical adjustment and inspection before it is allowed to leave the 
factory. Other ranges in both Standard and Tropical finishes are also 
available. 

T.M.C.’s knowledge, experience and technical resources will be 
placed at your disposal if you write for full information. 








8 8", (€ © TELEPHONE MANUFACTURING COMPANY LIMITED 


TELEPHONE AND SWITCHING DIVISION 
Hollingsworth Works » London SE21 Telephone GIPsy Hill 2211 





-AND 
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THYRATRONS 
FOR PULSE 
MODULATION 


UP TO 1,000 AMPS AT 25kV 





BY 


AE! 


Thereisan AEI thyratron for every industrial application 
and pulse modulation requirement. Two recent additions to the 
range of pulse modulation types, with extremely high 
power ratings for single and double grid drives, are :— 


BT 103 
MAX. CATHODE CURRENT 1,000 amp 
MAX. ANODE VOLTAGE 25 kV 


BT 101 


MAX. CATHODE CURRENT 500 amp 
MAX. ANODE VOLTAGE 25 kV 


Please write for further details and technical data 


Associated Electrical Industries Limited 


Electronic Apparatus Division 
VALVE & SEMICONDUCTOR SALES 
LINCOLN, ENGLAND AS53886 
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rm On 


complex connection 


From their wide selection of plugs and 
sockets, MODAC offer a standard range 
of rectangular and circular miniature 
connectors, to which is soon to be added 
a sub-miniature range with combinations 
of 10, 16, 28 and 34 contacts. 








The main feature of this advanced design 
is the independently sprung, multi-point 
contact which provides self-cleaning, 

low contact resistance and is ideal 

under conditions of vibration. 


MODAC is equipped for the design 
of connectors to customers’ 
specifications and to supply any of 
their range as cable assemblies. 













They are more than willing— 
at any time—to come to grips with 
your general wiring problems. 


Modac miniature and sub-miniature connectors 


*“Modac’ is a Registered Trade Mark 


for further information and a copy of the ‘Modac’ 
catalogue, please contact: 


Wiring & Connectors Division 
The Plessey Company Limited 


CHENEY MANOR - SWINDON - WILTSHIRE - SWINDON 6251 
Agents for British Commonwealth Countries: Plessey International Limited + Ilford « Essex + Ilford 3040 
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THIS 
COMPACT 
UNIT 








supersedes 
this repeater 
building and 
its contents 








ATE COAXIAL 


SYSTEM seccsou- 


for use on small core coaxial cables @ Suitable for national or international networks 


@ Fully transistorised 


@ Designed for routes of medium circuit capacity 


A system in the CM range of transmission equipment 





@ Compact—power fed-repeaters 


@ Easy Maintenance 
For further details write for bulletin TEB 3202 





AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 


STROWGER HOUSE, ARUNDEL STREET, LONDON W.C.2. Tele: TEMple Bar 9262. Telegrams: Strowger, Estrand, London 
AT 8871! 
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TD. 


i, London 
AT 8871! 








The future 


is linked to 


printed circuits 
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and in the forefront of circuitry stands Bribond 


Industry stands on the threshold of 
a new era, with progress in 
electronics and nucleonics opening 
up limitless possibilities of process 
operation and production control. 
To the designers and manu- 
facturers of the essential equipment, Bribond offers 
specialised production of printed circuits for any form 
of component assembly. 

As pioneers of plastic lamination and experimental 
research in precision circuit printing, Bribond now have 
many advantages which linked to modern line production 
methods result in unsurpassed delivery service and 
reliability. Further, the Bribond prototype department 


can produce the initial circuit from which final production 


Ri BON ID 























can be planned, within 48 hours or less if a clean circuit 
image is supplied for reproduction. 

Bribond manufacture all forms of the printed circuit: 
gold, silver or rhodium plating, double-sided circuits, 
flexible circuits, flush circuits, resistance and magnetic 
circuits. Component notation, chemical milling and all 
forms of subsequent machining operations can be 
undertaken. 

Your enquiries are invited. Your circuit problems, 
too, are welcomed especially if they pose a challenge 
that may call for the use of special techniques for their 
solution. Bribond offer design 

and drawing office facilities. 

Full details and samples are avail- 


able on request. 


Pc 


PRINTED CIRCUITS 





for Radio, Telecommunications, Electronics, Nucleonics 





BRIBOND LTD., BURGESS HILL, SUSSEX Telephone: Burgess Hill 85611 
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Taking trouble 
out of circulation... 


More and more problems associated with water circulation for condensers of 
power stations and oil refineries are being solved by the use of 
non-ferrous tubes manufactured by the tube division of the Delta Group. 
The large range of trouble-free alloys available today is the result of over 
acentury’s experience in tube manufacture by James Booth & Company and 
John Wilkes, Sons & Mapplebeck, members of the Delta Group. 
The condensers of numerous power stations and oil refineries at home and abroad owe much of their 
efficiency to being fitted with tubes from one of these old established companies. 
The choice of alloy for any specific installation is most important. 
The Delta Group range of non-ferrous tubes has been 
specially developed to suit the varying conditions which have to be met in 
service and our Research Department is always glad to carry out tests and 
advise customers on the most suitable composition for their requirements. 


Two plants that have installed Delta Group Tubing 





Hams Hall ‘B’ Power Station. B.P.’s Aden Refinery. 
Photo: Courtesy The British Petroleum Co. Ltd. 


REGISTERED TRADE MARKS: 

D E LTA Gro u p DELTALBRA (aluminium brass) 
DELCONDEX (cupro-nickel) 

DELCONION (copper-nickel-iron) 

TUBES FOR CONDENSERS AND HEAT EXCHANGERS Also 70/30 Arsenical Brass and 70/29|1 Admiralty Brass 


TUBE DIVISION 





Incorporating: 


JAMES BOOTH & COMPANY LIMITED and JOHN WILKES, SONS & MAPPLEBECK LTD. 
Head Office: Argyle Street, Nechells, Birmingham 7 - Telephone: EAST 1521 
LONDON & BIRMINGHAM London Office: 50 Brook Street, London W1 - Telephone: GROsvenor 3018/9 





TGA 1BG166 
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Solartron pioneered the basic methods of dynamic analysis presented here. 
Even under conditions of noise, harmonic content or other spurious interference, 
they provide accurate evaluation data for every type of feedback control 
system. With the I.f. limit of test now extended by the new 
Process Response Analyser to 1 cycle in 3 hours, this range of precision-engineered 
Dynamic Analysis instruments represents the most highly-developed system 
evaluation equipment available anywhere. 


BY 
SYNTHESIS 


dynamic analysis 


The Solartron Transfer Function Analyser is the key to 


absolute accuracy in evaluating electrical, mechanical, hydraulic 
or other servo systems. For electrical systems, the TFA 
Oscillator energises the system, simultaneously providing a 
4-phase reference signal to the Resolved Components Indicator. 
Thus the TFA discriminates specifically in favour of the test 
fundamental, unaffected by signals of other form. For mechani- 
cal systems, the TFA. Mechanical Reference Generator 
provides the required 4-phase reference via the system’s input 
shaft—the Resolved Components Indicator taking the output 


intelligence from suitable transducers, as shown overleaf. 
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Dynamic Analysis Equipment 


ANALYSIS 
BY SYNTHESIS 


ANALYSIS BY 
SYSTEM TEST 


- 


~ 


~ 


- 
_-®@ 
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SOLARTRON 


TFA 


Here the TFA Resolved Com- 
ponents Indicator VP 253.2 
uses a 4-phase measurement 
reference from the system drive 
shaft, via a Mechanical Refer- 
ence Generator JX 603. Thus 
the TFA can_ discriminate 
specifically in favour of the 
input fundamental, in __ its 
analysis of the transducers’ 
output information. 


A fine example of design optim- | 
isation in itself, a ‘SPACE 30’ 
Analogue Computer can readily 
simulate any complex dynamic 
system. The parameters of any 
simulated system may then be 
readily changed to optimise per- 
formance under any set of 
conditions. 


‘SPACE 30’ 





ANY SYSTEM 


Although this schematic is 
arranged to show analysis of a 
mechanical-type servo system 
(with testing under mechanical 
drive control), any type of servo, 
electrical, hydraulic, modu- 
lated carrier, etc., may be 
analysed with the TFA together 
with one or more accessory 
instruments. 


WRITE TODAY FOR DETAILED LITERATURE THE SOLARTRON ELECTRONIC GROUP LTD. 


Thames Ditton . Surrey . 


England . EMBerbrook 5522 





design optim- 
‘SPACE 30’ 
er can readily 
plex dynamic 
eters of any 
may then be 
optimise per- 
any set of 


chematic is 
analysis of a 
ervo system 
mechanical 
ype of servo, 
lic, modu- 
may be 
together 
accessory 


PRA provides sinus- 
oidal test frequencies 
to evaluate perform- 
ance of the sim- 
ulated system. The 
test results are 
clearly displayed as 
vector amplitudes, 
by direct resolution 
of data from the net- 
work output. 


PRA 


The results of shock 
testing (transient 
response), or release 
of simulated system 
conditions to a new 
Steady state are 
particularly well dis- 
played by the Solar- 
tron Infinite Per- 
sistence Oscilloscope 


IPO 


TRANSDUCERS 


Transducers - the ‘eyes and 
ears’ of integrated rig testing, 
are the means by which the 
physical system parameters and 
perturbations are converted to 
equivalent _ intelligence. The 
typical example _ illustrated, 
from the Solartron range, is 
capable of continuous perform- 
ance at ambient temperatures 
up to 600 F. 


» Pp. 





OLARTI RON dynamic analysis 


ancillary equipment 


T F A Carrier Converters JX 54/ and T F A Reference Resolver / X 746; Subsonic Power Amplifier JX 6/2; 
JX 641 are modulator/demodulator units A digital display instrument for enables the oscillator output of the 
which allow the TFA to be used for analy- use with the Solartron TFA, which TFA to be amplified and DC 
sis of electrical carrier-type servo systems gives output information in polar biassed, for use on systems re- 
with carrier frequencies of 400, 1100, (0° - 180° lag or lead) form, as quiring a power input. Frequency 
1600 or 2400 c/s (JX 541) or 50, 60, distinct from the normal TFA out- range DC - | Ke/s and output cur- 
200 and 400 c/s (JX 641). put which is in vector amplitudes rent amplitude up to 170 mA peak. 
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Selected groups of Solartron 
Dynamic Analysis instruments 
can be supplied mounted to- 
gether in attractive consoles, 
with ample space for customers’ 
additional special equipment 

to be incorporated. Such 
consoles are completely inter- 
connected for normal systems 
test work and are fitted with 

an L.F. Oscilloscope for 

visual display. 

This JY 747 Gyro Response Test 

Console incorporates a vibration generator 
and pick-off unit for the testing of small 


rate gyroscopes under varying 
conditions of sinusoidal vibration. 





THE SOLARTRON ELECTRONIC GROUP LTD . Thames Ditton . Surrey . England 
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the magnetic recording 
tape with the highest 
technical standards 


* High sensitivity 











* Low noise level 





* Low ‘print through’ factor 








* Anti-static 





* Freedom from curl 





and stretch 









LONG 
PLAY 











PURPOSE 





































Length Price in Prise 
2 Title Size pce EMICASE Pra l 
88/3 H 3” dia. 175’ am 7 6 
99/3 ||. . [8%dia. | 250’ és 9 6 
aajan| ( Message 3)" dia. | 175° és 7 6 
99/3N | J 3} dia. | 250’ - 9 6 
88/6 Junior” s’dia. | 600° | £1 3 6| £1 1 0 
99/9 dia. | 9850’ | £110 6 | £1 8 0 
88/9 \ Continental” Si" dia.| 850° | £110 6| £1 8 0 
99/12 53’ dia.| 1200° | £117 6 | £115 0 
88/12 |) . , | dia. | 1200 | £117 6 | £115 0 
99/18 } eee dia. | 1800° | £212 6 | £210 0 
88/18 |). | gi dia. | 1750° pa £217 6 
99/24 } Professional’! 91+ gia. | 2400" on £312 6 















now available separately! 





the polystyrene container that solves 
tape storage problems, protects spools 
from dust and allows easy identification 
of leader tapes. 


7’—4s. 0d; 53”—3s.6d; 5” —3s. 6d. | HAYES . MIDDLESEX 


Tel: SOUthal!l 2468 esinias 








| E:M-!1 SALES & SERVICE LTD 
(Recording Materials Division) 
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TYPICAL APPLICATIONS OF NEW G-E CONTROLLED RECTIFIER 


Converters, DC to DC, DC to AC + 


Phase controlled DC power 
supplies regulated & unregulated 


Frequency converter, 
current control 


e AC variable speed induction motor 
e@ Reversible motor control 


ELECTRONIC ENGINEERING 


Power switch for automatic e Pulse width conversion 


temperature High meted 
control electronic flash nets “arene 
for digital computor 
Dynamic braking 
i 7 e Welding control 
Light dimmers ; it 
Thyratron replacement iguiiven ting 


for relay drivers Circuit breaker replacement 
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- GENERAL ELECTRIC’S NEW CONTROLLED 
RECTIFIER—FROM THE U.S.A. 


Revolutionary New Unit Combines Features of Power Transistor and Rectifier .. Operates 
As A Thyratron, Relay, Switch, Circuit Breaker, Magnetic Amplifier—Many Other Uses! 


| Now General Electric announces a revolutionary new silicon controlled rectifier which 
combines the features of a transistor and a rectifier. The new unit changes AC to DC, and 
also controls the amount of current flow. 

G.E.’s remarkable new rectifier thus offers the circuit designer complete control of 
current turn-on without complicated circuitry—plus switching speeds in micro-seconds. 
While similar in many ways to the gas thyratron, it provides faster firing and recovery, 
lower forward voltage drop, and has no filament to warm up and consume power. It oper- 
ates at temperatures up to 250°F, with voltages up to 300v and current up to 16 amperes. 

The new semi-conductor unit performs the following functions: static switching, DC 
motor control, DC power regulation, variable DC supply, DC to DC conversion, frequency 
changing, inverting, dynamic braking, constant current supply, pulse width modulation, 
ignitron firing, temperature control, power pulse generating. 

Detailed notes are available for $1.00 on the application of the G-E Silicon Controlled 
Rectifier, plus reprints of articles that have appeared in technical journals. Individual speci- 
fication sheets are available free. Contact International General Electric Company of 
New York, Ltd., Lincoln House, 296-302 High Holborn, London, W.C. 1, England. 
Or write to: International General Electric, 150 East 42nd St., New York 17, N.Y., U.S.A. 


MAXIMUM ALLOWABLE RATINGS (Resistive or inductive Load) 





C35U C35F C35A C356 C35B C35H c35c C358 
Continuous Peak Inverse Voltage (PIV) 25 50 100 150 200 250 300 400 voits 
Transient Peak Inverse Voltage (Non-Recurrent<5 millisec.) 35 75 150 225 300 350 400 500 voits 
RMS Voltage (Vems), Sinusoidal 17.5 35 70 105 140 175 210 280 volts 


Up to 16 amperes 


Average Forward Current (Ir) 
150 amperes 


Peak One Cycle Surge Current (!surce) 





IER 


rent 


R 
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Storage Temperature 
Operating Temperature 


Peak Gate Power 5 watts 
Average Gate Power 0.5 watts 
Peak Gate Current (ic) 2 amperes 
Peak Gate Voltage (Vc) (forward) 10 volts 


—65°C to +150°C 
—65°C to +125°C 








CHARACTERISTICS (At Maximum Ratings) C35U C35F C35A C356 C35B C35H c35c c35D 
Minimum Forward Breakover Voltage (Veo) 25 50 100 150 200 250 300 400 voits 
Maximum Reverse (ix) or Forward (Is) 

6.0 5.5 5.0 4.0 ma 


Leakage Current (Full Cycle Average) 
Maximum Forward Voltage (Vr avs) 
Maximum Gate Current To Fire (ict) 
Maximum Gate Voltage To Fire (Vcr) 
Typical Gate Current To Fire (Ic*) 


6.5 6.5 6.5 6.5 
0.86 volts (Full Cycle Average) 

25 ma 
3 volts 

10 ma at +1.5 volts (Gate to Cathode Voltage) 








C36 Series—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes. 
250 Series—a high-current series now in development, and available on a prototype-sample basis. 
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Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


—U.S.A.— 
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.. + every time this happens 
someone saves !%”"% a hole 





Readymade self-anchoring female threads inserted at high speed in light alloy 
materials and plastics.—This is the simple process that is revolutionising costings 
for the secure fastening of non-structural parts. 

Heli-Coil Push Type Inserts are metal screw thread inserts that eliminate tapping, 
solid bushing and the wastage ordinarily involved in working on materials with 
poor screw thread properties. When the Heli-Coil Insert is used rejects on the 


assembly line because of faulty threads are something quite unknown. 





\ / The Heli-Coil Push Type Insert can be hopper fed and power inserted into the 
component after moulding, permitting a fast moulding operation. It is a necessity 
for the automation production line layout. Installation tooling can be had on 


purchase or rental. May we make an investigation for you? 


On request—more details in Sales Leaflet APL. 40/4. 
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GARBER BE BE: 


HELI-COIl 


Push Type Inserts 
The thread you push in 


low cost secure fastening for non-structural 
1909 
GOloeN suenee  parts.... perfect for the automation 
1959 production line layout 


* HELI-COIL is a registered trade mark 
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ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKSHIRE. Tel: Beverley 82212 (6 lines) 
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we can get 


t alloy 
costings 
| you out ofa 
apping, 
ls with i 
cathe rectifier problem 
nto the 
ecessity We, that’s the M-O Valve Co. Ltd., have spent over 
had on 40 years bottling up hard valves, soft valves, tough going-aloft 


valves, standard valves, valves to government specs...SO we 
know how you feel in there. 


But we’re used to it, because now we’ve acquired a rare 


tks. 
% 


; 


4 


collective know-how that can beat most valve problems. And of 
course, it’s backed by the brilliant research, progressive 
development and flexible production you’d expect us to have. 
Next time you’re enveloped in a valve problem, let us know—if 
we haven’t a ready-made type for you, we’ll see if we can 


make you one to measure. 



















(Bi-phase fi Y even to gi 

i as oi give you ; 

28,000V rms.) — voltage, Special gy a outline, 
. ality, 450 to 


Let us know w hat typ S you re inter ested in and Wwe Zl 
ie. 
send You Full details, 


ace valves are obtainable from 
THE M-O VALVE CO. LTD 


12 (6 lines 
( ) BROOK GREEN * HAMMERSMITH * LONDON W.6. 


A subsidiary of the General Electric Co. Ltd 
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CFH/SR9/ ty 


ELECTRONIC ENGINEERING 





Get on top 
of those stresses 
and strains 


by using Saunders-Roe Foil Strain Gauges. 
For example one application recently carried 
out by our Foil Strain Gauge Consultancy 
Service was monitoring of strains in cylinder 
liners of ship’s diesel engines undergoing 


sea trials. 


The judicious use of Foil Strain Gauge 
techniques can lead to more efficient designs 
with consequent economies in production and 
cost over a wide range of industrial activity. 
Saunders-Roe engineers are actively engaged 
on this work and can help you with your 


problems whatever your interests. 


Transducers for industrial instrumentation 
can be supplied with Foil Strain Gauges 
incorporated to measure, for example, weight, 
pressure, torque, tractive effort and 


horsepower. 


For details of Saunders-Roe Foil Strain 


Gauges and Consultancy Service, write to... 


STRAIN GAUGE DIVISION, 


OSBORNE, EAST COWES, ISLE OF WIGHT 
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CW SERIES 


Take the best in Constant Voltage Transformer 

















design and practice... maintain all those features 
proven by years “‘in the field”. ... add still greater 
ges. efficiency .... reduce size and weight ....and then 
drastically cut the cost — and you have the NEW 
arried CV Series. 
ney Models now available with output capacities of 25, 
50, 75 and 100 watts and range of outputs from 
rlinder 6 to 240 volts — all providing assured output 
voltage regulation within + 1% for input variations 
ng of up to + 15% 
@ WEIGHT REDUCED by over 25% 
@ SIZE REDUCED by over 4% 
@ STRAY FIELD REDUCED by over 75% 
a @ OPERATE AT ANY LOAD 
; from ‘NO LOAD’ to ‘FULL LOAD’ 
ion and 


@ WILL OPERATE CONTINUOUSLY 
ivity. AT AMBIENT TEMPERATURES 
from —10 to +50°C. 

ngaged 


‘| CONSTANT VOLTAGE TRANSFORMERS 


en. Whey ave SMALLER -LIGHTER 

















TS) J ’ / 
Heres a typical example- auc COST LESS. 
Beatie MODEL CV.25/E MODEL MT.281/E 
Input Voltage -..... PD kdcisccccsee 190-260V 
Output Voltage ._.... . ee 6V 
Output Capacity ..... Re 25W 
Dimensions ........ 5}°x34°x 4}" ........ 7’x 54°x 43” 
n ee ae” ° Seeulcpeeagebes 7Ib 
PRICE £6.5.0 PRICE £8.0.0 
eto... 
tow Full details in Folder M.63 available on request 


~to be sure / 






dvance COMPONENTS LIMITED 
—— Cann —- 


ROEBUCK ROAD * HAINAULT « ILFORD « ESSEX * TELEPHONE : HAINAULT 4444 eeeeeeeeeeeeeteteeeeee 
GoBo0 
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luminescents 


CATHODIX »~ 








/ 
| / 
8.000 
7.000 
\ in any desired colour 
\ 
\\ | 

\\ CATHODIX C 200 
C 300 
C 500 
«N 
RA 

10.000 


with the best | brilliance 
adhesion 


granulometry 


UCLAF : U.K. distributors for selling agents: 


F. W. BERK & Co. Ltd., Berk House, Portman Square, LONDON, W.1 
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PRESENTING 


HEWLETT-PACKARD 


524D 





ELECTRONIC 








COUNTER 


New 8-decade numerical readout? 


ew 5/10° per week stability! 


plus all these frequency and time measuring advantages! 





SPECIFICATIONS Direct, instantaneous, automatic readings 
(Basic 524D without plug-ins) Frequency coverage 10 cps to 220 MC 
a (with plug-in units) 
Range: 10 cps to 10.1 Mc Time interval | usec to 100 days 
Gate Time: 0.001, 0.01, 0.1, I, 10 secs or Resolution 0.1 usec 
er High sensitivity, high impedance 


Accuracy: + | count + 0.000005% 


Reads in: KC, Automatic decimal No calculation or interpolation 


Period: 
Range: 0 cps to 10 KC New convenience of uniform 8-decade numerical readout without meters— 
Gate Time: | or 10 cycles of unknown new 5 parts in 10® stability simplifying standards and other microwave 
NOONE de SO gee measurements—this is the capsule story of the new -hp- 524D Electronic 
+ 0.03% (10 period average) 

Stan. Freq. Counted: 10 cps, | KC, 100 KC, Counter. 

puiesapadaglenmenneen Electrically similar to the widely used -hp- 524B Counter, the new 524D 
ane A, Se gee provides for full frequency measurements from 10 cps to 10 MC and period 


measurements from 0 cps to 10 MC. Low cost plug-in units extend 


Gen : 
<r 8 places (99,999,999 max.) frequency measuring range to 220 MC, permit period measurements of over 
Stability: 5/100,000,000. May be standardized 10,000 periods, and increase sensitivity for precise measurement of weak 
with WWYV or external 100 KC or | MC signals. Still another plug-in provides for time measurements from 1 usec 
__ enum onntard, to 100 days with 0.1 usec resolution. When used with -hp- 540A Transfer 
we aa ee ee Oscillator, the 524D will measure accurately to 12 KMC. For complete 


tnput Voltage: | v min, 1.5 v peck. Rise details, write or call your -hp- representative; or write direct. 


time 0.2 seconds, max 
nput Impedance: Approx. | megohm; 40 


— HEWLETT-PACKARD COMPANY 
Represented by 


LIVINGSTON LABORATORIES LTD 


RETCAR STREET - LONDON - N.19 
Telephone: Archway 6251 
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Printed 
Circuit 
Counter 
Panels 


A complete range of transistorized counter 
panels of common size, fixing method 

and electrical connexion, designed to provide 
a flexible unit system 

whereby any special requirements 

in the counting or data processing fields 


can be quickly built up. 


A fully illustrated brochure giving 
complete performance and 
specification figures for 


every panel in the range is 


available on request. 











50kc/s Scaler 


1Mc/s Scaler 

Input Amplifier 

Gate Unit 

10kc/s Oscillator 

1Mc/s Oscillator 

Power Unit 

50kc/s Read-out Scaler 
1Mc/s Read-out Scaler 
4 Channel Output Unit 
Read-out Unit 

Meter Display Unit 
Lamp Display Unit 
Numerical Indicator Tube 
Shift Register Stage 


Shift Register Driver 


RANK CINTEL LIMITED 
Worsley Bridge Road: London: SE 26 
HiTher Green 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 
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_ ae 


OD ‘4D. 


Relay with two 
changeover _ coil 


| 
| @ 2-pole Open Style 
| circuit contacts. 


com 

° . , e% 
ae) 

i —widd. ad 





“ee a ee — 


DONOVAN 


9 





A.C. POWER RELAYS 
WITH 2, 4, OR § POLES 





Any pole can be supplied “‘Normally-open”’ 





or ‘“Normally-closed’’, double-break main 





@ &pole Open Style Relay with 
one changeover coil circuit 


contacts rated at 10 amps. 550-volts max- =< « ¢ contact. 


imum. One or two auxiliary change-over 
contacts can be added in addition to main 
poles. Tractive coils available—6 to 550- 


volts A.C. 


The relay, when open style, is supplied with 


back fixing plate suitable for mounting on 





insulation or steel panels, or in metal cases. 
P . @ 4pole Enclosed Relay 


| 


THE DONOVAN ELECTRICAL CO. LTD. 
78-82 GRANVILLE STREET - BIRMINGHAM | 


LONDON DEPOT: 149-151 YORK WAY, N.7 GLASGOW DEPOT: 22 PITT STREET, C.2 





Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, GLASGOW 
BELFAST, BOURNEMOUTH 
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ve) MINIATURE 
MICRO 
SWITCHES 
woe. CCANDSCO 
PS Ac ruaTors 
ier - 


















rd 








BURGESS 
PRODUCTS 
COMPANY LTD 


MICRO SWITCH DiIviSION 
Dukes Way, Team Valley, Gateshead 11. 
Telephone. Low Fell 75322 (3 lines) Telex: 53-229 

London Office: 127 Victoria Street, S.W.1 
Telephone: TATE Gallery 0251 (3 tines) 


PLEASE 
ASK FOR 
MORE DETAILS 


There are many other Miniature Micro 
Switches and Actuators besides the few 
illustrated here. All have the famous 
BURGESS long-life mechanism. 
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RGESS 
UCTS 


yY LTD 


H DIVISION 
, Gateshead 1! 
) Telex: 53-229 
a Street, S.W.) 
y 0251 (3 lines) 
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SILICON h.t. power 
rectifier type FST1/4 
for television 
receivers 





The FST1/4 Silicon Power 
Diode has been specially 
designed for domestic tele- 
vision receiver H.T. power 
supplies and is of particular 
interest tocircuit designers 
planning receivers with 110° 
scanning, 625 line receivers 
and colour television re- 
ceivers. Two diodes may be 
used in series to provide 
capacitor smgothed H.T., 
direct from volts A.C. 
mains. 

SenTerCel FST1/4 silicon 
rectifiersare miniature wire 
ended devices which can be 
speedily mounted to tag 
panels, no heat sink being 
required. Typical perform- 
ance curves and design 
procedure are included in 
leaflet MF/109. 





a 


Actual Size 












400 VOLTS (P.I.V.) 500 mA UP TO 50°C 














Important advantages of the FST1/4 silicon rectifiers are:— 


@ LARGE POWER OUTPUT FOR SMALL SIZE @ 35 AMPS SURGE CURRENT RATING 
@ HIGH AMBIENT TEMPERATURE OPERATION @ NO HEAT SINK REQUIRED 

@ HIGH OUTPUT VOLTAGE @ NO FORWARD AGEING 

@ HIGH EFFICIENCY @ LOW CUST 





Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 





RECTIFIER DIVISION: EDINBURGH WAY + HARLOW : ESSEX 
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Servo control 
systems 
for industry 


Ketay are the specialists in all aspects of remote indication and 
servo control systems. 

Backed by a unique knowledge of synchros, resolvers and similar 
precision components, Ketay design servo systems for indication, 
computation, and control of nuclear or conventional plant. Small, 
lightweight and highly accurate, Ketay servo components and 
control systems are especially suitable for process control over 
a wide range of industries. 

Engineers and plant designers are invited to make full use of the 
technical services and development facilities provided by Ketay 
Limited in this specialised field. 

Synchros Resolvers, Tachometer Generators, Instrumentation 
and Servo Control Systems for Industrial and Military 
Applications. 


Hetay KETAY LIMITED 
Eddes House - Eastern Avenue West - Romford - Essex - Telephone: Seven Kings 6050 


Overseas Sales Organisation : Plessey International Limited - Ilford - Essex - Tel: Ilford 3040 


® xs 
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A VALVE VOLTMETER 
FROM 






with these 
OUTSTANDING FEATURES 
EXTREME SENSITIVITY 


accurate measurements are possible 
down to 100uV. 


WIDE VOLTAGE RANGES 
ImV. to 300 Volts F.S.D. 


WIDE FREQUENCY RANGE 
15c/s to 4.5Mc/s 


METER SCALE CALIBRATED 
IN VOLTS AND dB 


CAN BE USED AS A NULL 
DETECTOR AND INDICATOR 
FROM 10c/s to 10Mc/s 


CAN BE USED AS AN 
AMPLIFIER FROM 
10c/s to 10Mc/s 


INCORPORATES ITS OWN 
H.T. STABILIZER 


SMALL COMPACT SIZE AND 
ROBUST CONSTRUCTION 


at this price... 


LO onc vr 


(including very low capacity screened leads and 
probe) 





































/ 


with this backing... 













4 


Behind this, the most modern instrument in its 
sphere, is that specialist instrumentation skill and 
experience which has earned for all ‘Advance’ pro- 
ducts a reputation second to none throughout the 
Industry. From our up-to-the-minute factory at 
Hainault comes this latest addition to the world- 
famous ‘Advance’ range of instruments, 


Full Technical details of the ‘Advac’ in 
Leaflet Ms0 






4 





Size : 42” x 7} x 62” 
Weight : 7 Ib. 


Advance COMPONENTS LIMITED 


eee INSTRUMENTS DIVISION Jean 


ROEBUCK ROAD + HAINAULT « ILFORD * ESSEX TELEPHONE : HAINAULT 4444 






‘ings 6050 GD.64 
lford 3040 
® xs 
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New from Japan... 







Important advance in short-haul, 
multi-channel communications 


Microwave 60-channel voice transmission over a non-optical : 
path up to 300 MILES is now possible without repeater’ stations. 






NEC’s High Sensitivity Reception System, by extending 
threshold level and improving S/N ratio 10 to 13 db, makes 
this hop with only 1/20 of the power output — for. 
conventional systems. 












A 100 W transmitter in the 1,800-mc band, for exanpie, has 
a scatter path of 100—150MILES. A conventional FMsystem 
requires 2KW output and at least one repeater station to 
connect the same distance over a non-optical patie). 


1 
p 


By eliminating high-power amplifiers and repeater stations, 
the High Sensitivity Reception System results in considerable 
reduction in initial investment. Savings in maintenance and 
power consumption are estimated at 40% or more.’ 


Extensive propagation tests have been made, and NEC is now 
prepared to supply commercial users and government agencies 
anywhere in the world. Please write for detailed information. 


Y 


50 60 70 89 90100, j, 
120 


DISTANCE © 142 MILES 


PROFILE shows how a 100 W transmitter 

operating at 1,920 mc connects a non 

optical distance of 142 MILES in one hop. 

70 90 -100 -110 Average receiver input level is -75dbm 
Channel signal-to-noise ratio (db) 


0 


CURVE compares receiver performance of High 
Sensitivity Reception System to conventional FM 
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Bread and butter 
busimess... 





AN IMPORTANT SECTION OF THE 
ORGANISATION 
MAINLY CONCERNED WITH MACHINED 
REPETITION WORK, IN A WIDE RANGE OF 
CONVENTIONAL AND NEW MATERIALS 
SERVING ALL SECTIONS OF INDUSTRY 


In addition to extensive development work in the fields 


of new materials and methods for the electrical and 
mechanical industries, The Delanco Company, has at 
the same time, to keep up the supply of a host of 
machined and turned parts, in a multiplicity of shapes 
and sizes, and in materials non-metallic. 

Strength in relation to size, insulation properties, 
drilling and tapping propensities, all have to be 
provided for and in materials ranging from vulcanized 
fibre to glass fibre. 

Washers, grommetts, studs, pins. bushes, spacers, 
rollers, non-metallic bolts and nuts, all are in demand. 
Take a typewriter, a washing machine, a clock, an 
adding machine, and a hundred and one other articles 
in daily use, and sure enough you will find some 
Delanco part doing whatever is required of it 
efficiently—thanks to the technical know-how allied to 


the latest machining techniques and years of experience. 


Delivery and service second to none and a courteous 


and knowledgeable reception to your enquiry. You 


will want to know more about this service, so get in 
touch with DELANCO...NOW... 








¢ —_ ot Ps . ‘ 
fi. Fh FR EP : = § oy ‘ gt Ei | 
Cathizcud Fipi Ls OU » _t &z 


Anglo-American Vul 
CAYTON WORKS - BATH STREET - LONDON - €E.C.1 


Grams: PROMPSERV, AVE, LONDON 
LEONARD ST. E.C.2 


Telephone: CLE 3271 
DELANCO WORKS 
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John |. Thornycroft 
Limited 









Switchboard built by 
John |. Thornycroft & Co. Limited 
employing Solistrand Terminals. 
















Close-up of above 














fn... 


es 
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M.V. ‘Carisbrooke Castle’ which John I. Thornycroft & Co. Limited 
have built for the Southampton, Isle of Wight and South 

of England Royal Mail Steam Packet Company 

Limited, Southampton. 








A v 
WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 
AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 


London Sales Office: Dept. 14, 60 Kingly Street, London, W.I. Telephone: REGent 2517-8 and 3681-2-3 
* TRADE MARK Works: SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND 


* Trade Mark of AMP Incorporated, U.S.A. 












APII6 


ELECTRONIC ENGINEERING 74 DECEMBER 1959 














<0" 


WIRING 


LTD. 
id 3681-2-3 


APII6 


R «61959 











EE 16077 for further details 





A COMPREHENSIVE RANGE OF 


Miniature’ Instruments 


% DESIGNED TO HARMONISE WITH 
ALL MODERN ELECTRONIC EQUIPMENT 


% FIXINGS CONFORM TO ACCEPTED PRACTICE 
% PRICES ARE HIGHLY COMPETITIVE 


For utmost reliability all ‘ENGLIsH ELECTRIC’ miniature 
instruments have been designed with a higher-than-normal 
torque/weight ratio in combination with lower power 
consumption. All types have been successfully subjected 
to the following tests: 
RESISTANCE TO IMPACT SHOCK OF 200g 

in any plane. 
VIBRATION FATIGUE TEST—two million cycles at 
peak resonant frequency. 
OSCILLATORY TEST—up to one million operations. 

















Above: 2” square moving coil voltmeter 


7c 0 
O luli, Fo 
w i My, 


\ “if, 
\ Uy, 0 





SPECIFICATIONS B.S. 89-1954 and other international 
standard specifications, or B.S. 2011/H3 if required. 





TYPES 

Moving coil for D.C. applications. 
Rectifier moving coil for 

A.F. applications. 

Thermo-couple operated moving 
coil for R.F. applications. 


SIZES 
Square: 2”, 
scale length. 
Round: 24” and 34” nominal 
scale length. 

Rectangular: 5”x 6” or 3”x 4” 
nominal case size. 


24” and 34” nominal 





Above: 3” x 4” moving coil inilliammete; 


Left: 24” round moving coil microammeter 


° ° ° e /e >< . re 10 « ¢ > se 
Design registrations pending. por aga ranges in any of the seven 
Ce eS. 

Delivery ex stock for standard ranges. 


Non-standard ranges to customer's speci- 
fication within 21 days. 


Literature available on request to The ENGLISH ELECTRIC Company Ltd., Instrument Department, Stafford. 
s y 
1 ‘ 1 Wham \? 
{ : 4 | 
| aya 
4 Ad A4LIU SE. } 


i 

h Ha HT in — | i! MIN 
THE ENGLIS ELECTRIC Company LIMITED, MARCONI House, STRAND, LONDON, W.C,2 
Meter, Relay and Instrument Division, Stafford 
WORKS: STAFFORD ° PRESTON ° RUGBY ° BRADFORD . LIVERPOOL ° ACCRINGTON 


INS.43B 
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AS 758 AS 757 
0-30 volts - 0-10 amps - Price £210 (U.K.) 0-50 volts - 0-1 amp - Price £95 (U.K.) 
AS 870 


0-30 volts - 0-3 amps - Price £150 (U.K.) 


The obvious choice when a stable, accurate source of low-voltage DC is required, 
these precision engineered bench units are particularly suitable for operation of 
transistor development circuits, for direct, trouble-free battery replacement, or 
for educational and production test applications. 


All units are provided with precision decade output voltage switching and 
feature load metering plus comprehensive overload protection. Stability factor 
is better than 200:1 in all cases, with full load operation guaranteed up to 35°C, 
at continuous rating. 


oS 


Write now for full details 






















THE SOLARTRON ELECTRONIC GROUP LTD., Thames Ditton, Surrey 

















, 


Coy 


‘“ 


Ideal pulse response ensured by 
low output impedance from DC 
to 500 Kce/s. 


Continuously variable output volt- 
ages over 100 volt range 


High stability ; low noise and ripple 
figures 


Rated for continuous trouble-free 
Operation 


Fully isolated outputs provided 


4 
ain -p mI ALIN 
SOUPAV ROS 

\ lie, o } 


\ 
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AS 951 


AS 952 


AS 953 


AS 967 





DC output voltage : 


surrent: 


100 to 200 V. 


100 mA. 


200 co 300 V. 


100 mA. 


300 to 350 V. 
350 to 400 V. 


100 mA. 


100 to 200 V. 


200 mA. 


200 to 300 V. 


200 mA. 


300 .o 350 V. 
350 to 400 V. 


200 mA. 





Source impedance: 


059 


052 


O50 


052 


O50 


059 





AC outputs : 


6-3V.,4A.,CT 
6:3V.,2A.,CT 
6-3V., 1A. 


6:3V.,4A.,CT 
6-3V.,2A.,CT 
6:3V.,1A. 


6-3V.,4A.,CT 
6-3V.,2A.,CT 
6:3V.,1A. 


6-3V.,6A.,CT 
6-3V.,6A.,CT 
6-3V.,2A. 


63V.,6A.,CT 
6-3V.,6A.,CT 
6-3 V.,2A. 


6-3 V.,6A.,CT 
6-3V.,6A.,CT 
6-3V.,2A. 





Stability factor 
better than: 


400 : 1 


400 : 1 


400: 1 


400: 1 


400 : 1 





Ripple and noise 
peak-to-peak 
less than: 


i mV. 


I mV. 


I mv. 


I mV. 


I mv. 


I mv. 





13” x 53° x 67" 
(300 x 147 x 
175 mm) 
Allow + +5” (a 


13” x 53” x 63° 
(300 x 147 x 
175 mm) 
pprox. 8 mm) fc 


13” x 52” x 63° 
(300 x 147 x 
175 mm) 
or screw heads o 


149” x 69" x 63° 
(371 x 168 x 
175 mm) 

n length and wi 


153" x 69” x 63° 
(400 x 168 x 
175 mm) 
dth measuremer 





Weight (Appx.) 


18 Ibs (6 kg) 


18 Ibs (8 kg) 


18 ibs (8 kg) 


30 Ibs (14 kg) 


30 ibs (14 kg) 


153” x 69° x7” 
(400 x 168 x 
178 mm) 


ts for all units. 


30 ibs (14 kg) 





Prices (U.K.) 





£38 


£38 





£42 





£s5 





£55 


£60 











Educational and quantity discounts are applicable 


Outstanding for their low source impedance over a very wide 

frequency band (DC to 500 Kc/s), this new range of Solartron 
q ) 5 | g 

Power Supply Sub-Units has been specifically designed to meet 

pulse loading conditions—they can in fact be pulsed from zero 

to full load without the slightest fear of self-oscillation or loss 

of stabilisation. 


Each unit in the series—which covers output voltages from 100 
to 400 and currents up to 200 milliamps—is variable over an 
output voltage range of 100 volts without affecting the inherently 
low source impedance or noise figures. Ruggedly constructed, 
this new Solartron series is generously rated with continuous 
}+-70/ with full 


operation guaranteed at % nominal mains 


load applied. 


Telephone: EMBerbrook 5522. Cables & Telegrams: SOLARTRON, Thames Ditton 








EE 16080 for further details 


PARMEKO 


ATLANT IK | 
SERIES | 


A new transformer and choke range with stock 
lines of standard windings that are immediately 
available at economical cost. 





% Design: Complies with BSS2214 


* Construction: Steel encased, compound filled 


* Dimensions: Plan and fixing to RCL215 


* Humidity: Category H2 or better 


% Terminals: Patented design insulators, 
layout to RCL215 


* Mounting: Upright or inverted all models 


% Finish: Grey hammer, stoved énamel 


The Atlantic Series construction can accom- 
modate windings up to 650 VA at 50 cps. Sizes 
and quotations will willingly be submitted 
against your own specific requirements. 


PARMEKO LIMITED 
PERCY ROAD - LEICESTER 
England 
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‘DIGITRON 



































Full Size 


OTHER SIDE-VIEWING 
DIGITRONS INCLUDE: 


DIGITRON GR2G 


Designed to display ‘‘plus’’ or “‘minus’’, this tube will 
find many applications in digital equipments requiring 


unambiguous sign display. 


DIGITRON GR.10¢ 


The original DIGITRON—providing a clear numerical 
readout up to 50 feet over wide viewing angles. Ideal 


for audience readout. 


DIGITRON GR.4.G 


TYPE DISPLAY 


MINIATURISED 


FOR INSTANTANEOUS 
CLOSE-RANGE READOUT 





In many digital applications it is often wasteful of valuable equipment space to employ 
the larger types of numerical indicators. The equipment design may call for a ntuch 
more personalized type of display such as that required for control consoles, desk 
equipments, and similar layouts. 

It is with these applications in mind that we introduce a newcomer to the 
DIGITRON range. 

Whilst retaining the basic construction of the standard GR.10.G numerical 
indicator tube, the GR.10.W, being wire ended, can be soldered directly into the circuit 
and enables the designer to make full use of the display area by mounting these miniatures 
immediately adjacent to each other. This represents a considerable improvement in the 
readout facility at close range. 

Like previous DIGITRONS, the numerical design of the GR.10.W is ‘‘human 
engineered’’ to eliminate readout error and again numbers are visible over wide 
viewing angles. 

The miniature side-viewing GR.10.Wwithits robustconstruction, vivid presentation 
and its ‘‘no base’’ facility represents a big step forward in miniature display techniques. 


Full Size 
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A recent introduction to the DIGITRON range, the 
GR.4.G displays }, }, 3, or | in vivid numbers styled 
for easy readout. Suitable for applications concerned 
with monetary display. 


May we send you full information on the DIGITRON range 
of display tubes. Write to:— 


TECHNICAL SERVICES DEPT. 
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® Digitron is an Ericsson trade mark 





ERICSSON TELEPHONES LIMITED 


E£120—9s 
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HEAD OFFICE 


22 LINCOLN’'S 
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SELICON 
RECTIFIERS 





up to 600 Volts PTV. 
_ Samps 





TEXAS SILICON RECTIFIERS Offer excellent high temper- 
ature characteristics. For example the stud-mounted 
type gives an output of 3 amperes at 50°C and will 
still provide 1 ampere at 150°C with no change in the 
rated peak inverse voltage. The rugged, welded housing 
with glass-to-metal seal provides high resistance to 
shock and vibration. Listed in the table below are the 


characteristics of representative devices of each type. 

Have you received your copy of the latest Texas 
Application Report ‘“‘ D.C. Power Supply Circuits using 
Silicon Rectifiers ”’? If not, or if you require fuller details 
of Texas Rectifiers, please write your name and 
address in the margin and return this advertisement 
to us. 



































. . : . 4 18401 18405 

Symbol 18001 18005 1S111 IS115 ; . 
MAXIMUM RATINGS i — hintaan 
Peak Inverse Voltage at - 65°C to + 150°C PIV 200V 600V 200V 600V 200V 600V 
Average Rectified Forward Current at + 50°C Ib 750mA 750mA t 400mA t400mA *3A *3A 
Average Rectified Forward Current at + 150°C lo 250mA 250mA 150mA 150mA *1A *1A 
Recurrent Peak Forward Current at + 50°C ij T2-5A T2-5A T1-25A T1-25A *10A *10A 
Surge Current for 10 Milliseconds Ipc 16A 16A 6A 6A 33A 33A 
Operating Temperature, Ambient Ta - aE eo ae ee —65°C to + 150°C. — — 
SPECIFICATIONS : 
Minimum Breakdown Voltage at + 150°C Vz 240V 720V 240V 720V 240V 720V 
Maximum Reverse Current at P.I.V. at + 25°C Llp 10uA 104A 0-2uA 0-2A 10nA 10uA 
Maximum Forward Voltage Drop at + 25°C Ep 1-0V 1-0V 1-0V 1-0V 1-1V 1-1V 

(1o=500mA) (1,=400mA) (I,-1Amp) 

* Rectifier mounted on 2” x 2” x 4%” aluminium Heat Sink t @ 28°C 











TEXAS INSTRUMENTS LIMITED 


DALLAS ROAD BEDFORD 


TELEPHONE: BEDFORD 68051 CABLES: TEXINLIM BEDFORD 
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FERRANTI 





1) 3 phase type APPLICATIONS 
Siee 1H" . oF ay amps and 00/130 voles DC Ferranti high power silicon rectifiers have 
eo 3 phase type many applications in the aircraft, electronic, 
ag nes 22/44 amps and 300/150 volts DC electrical, chemical, marine and general engin- 
3) pe te ‘2 eering industries including aircraft and marine 
Ratings up to 16 amps and 200 volts DC power supplies, radar systems, computers, 
Size 53" x 2" x 34" chemical processing, welding and electroplating. 
4) 1 phase type 


Ratings up to 16 amps and 200 volts DC 
Size 2?” x 34” x 34” 


[dlerranti 


FERRANTI LTD - GEM MILL - CHADDERTON - OLDHAM : LANCS - Tel: MAIn 666! 
LONDON OFFICE: KERN HOUSE, 36, KINGSWAY, W.C.2 Telephone: TEMple Bar 6666 


FERRANTI 


SILICON 


SEMICONDUCTOR 
DEVICES 
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SERIES 2030 D.C. 
WITH RECTIFIER SERIES 1174 D.C. SERIES “E’, B’C’” SERIES 2030 D.C. SERIES 600 A.C. : 
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and reliable remote control, you need 


WESTOOL SOLENOIDS 


Westool Solenoids are compact, self-contained, electro-magnetic units that can be fitted 
anywhere to provide a direct mechanical action automatically or by remote push-button 
control. They can be used to push, thrust, lift, lower, open and shut with an accuracy, 
regularity and convenience unobtainable by any other method. 


OuS 





Practical design, use of the best materials, care in manufacture and thorough testing 
ensure that Westool solenoids are the best you can obtain. The range of Westool A.C. 
and D.C. standard solenoids covers most industrial requirements. 


Investigate the possibilities of Westool solenoids for your machinery and call in our 
experts if you need advice. 


... from washing machines... to greyhound traps 


To illustrate their versatility, here are just four of the hundreds of Westool solenoid applications. 


BENDIX WASHING MACHINES Westoo! solenoids play an 
important part in the control of these famous washing machines 
by altering the speed of rotation as required and automatically 
operating the drain valve. 


ST. CLEMENT DANES CHURCH The new bells of St. Clements 
are now electrically operated. Revolving musical box barrels with 
pegs in a pre-arranged sequence operate micro-switches which 
send impulses to mercury relay switches on the main control 
panel. These energise specially made Westoo! solenoids which 
move the hammers to strike the bells. 


Limite o 





SHIP LAUNCHING Push-button launching at the Sunderland 
Yard of Austin & Pickersgill Ltd. is achieved by the use of Westoo! 
solenoids. When energised the solenoids operate levers which in 
turn release the chocks. 


GREYHOUND TRAPS This application ensures perfect syn- 
chronisation of trap opening at the start of a race. A Westoo! 
solenoid is fixed to the side of each trap and when energised by 
remote push-button control pushes down a lever to release the 
retaining catch on the trap gate. 


WESTOOL ST. HELENS AUCKLAND, CO. DURHAM 


Telephone: West Auckland 551/5 


Telegrams: Solenoid, West Auckland 


London: 2 Ashley Place, London, $.W.!. Telephone: Victoria 7301-2 
Birmingham : 7 Newhall Street, Birmingham 3. Telephone: Central 3901 


Westool also make: Coils & Coil Winding Machines, Transformers, Warner Electric Brakes & Clutches, Air Conditioners, etc 





MINIATURE SOLENOIDS 
A.C. & D.C. FROM 225 CM. 
GRAMMES TO 1.5 OZS. 














SERIES ‘DK’,.D.C. SERIES 700 A.C. SERIES ‘L’, D.C. SERIES ‘C’, D.C. 


S 600 A.C. 
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Now! 


Standard Racks 


from 
LUNDS 


of Wandsworth 


Lunds of Wandsworth present a new 
range of top quality Standard Racks. 
Designed to meet all needs, the new 
Lunrac is easily adaptable to suit 
varying conditions and specifications. 
























Lunrac features: 

* Rigidly constructed from 10 gauge 
formed steel sections and finished in 
silver grey hammered stoving enamel. 

* Depth of 19’ for standard panel 
mounting. 

* Easy accessibility through hinged 
rear door and quick release side 
panels. 


* Facilities for floor mounting or on 
castors. 


* Price £38.10.0. 
* Single or multi bay assemblies. 


* Racks can be dust proofed, force 
ventilated or sound deadened. 





Further details on application to: 





OF WANDSWORTH 
Bendon Valley, 
London, S.W.18 





Telephone: VANdyke 7676 
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Precision Potentiometers... 











by 


Helical Potentiometer. Type PX/4/H.10 
Turnings 3 and 10. 





Designed to give trouble free operation 
under all conditions—Fox Pots are in 
service in all branches of industry. 


There is a Fox Pot for every application 
you can name—why not discuss details 
with our representative or write for our 
fully descriptive catalogue. 


Low Torque Sub- 


od For full details and specifications of 
miniature. Type F. and G. 


the large range of toroidal and helical 
potentiometers, please write to: 


P.X. FOX LTD., 


Specialist Manufacturers of Potentiometers, 
Hawksworth Road, Horsforth, Yorks. 
Tel: Horsforth 2831/2. Grams: Toroidal LEEDS. 


London Office: 104, Chislehurst Road, Orpington, Kent. 
Tel: Orpington 21031. 


Low Torque, high precision, servo mounting types 
S.F., 8.G., S.B., also Synchro 8. 






Ceramic Potentiometer, 
eight sizes 10—1,000 watts. 


Toroidal Potentiometer. Type 
B and E with ball races. 
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WIEDEMANN 


pierces the Time and Gost Barrier.... 


Wiedemann cuts the cost of short and medium run 
piercing by as much as 85% and does the job much 
better and much faster. No more marking out— 
No more setting up, drilling, flycutting, chiselling 
out or finishing to size and no more costly tooling. 
Modifications or complete changes of layout made 
quickly, easily, cheaply. 


Write for Wiedemann Brochure No. EE/176 and 
study the ‘hole’ time and cost question—and send 
sketches of some of your jobs and ask for time studies. 





BRITISH WIEDEMANN TURRET PUNCH PRESSES 


RA. 41P with pantograph table and stylus for rapid 
hole location. Throat depth 28” with 16, 18 or 20 turret 
stations. 30,000 lbs. capacity. Other models—hand and 
power operated—15,000 to 160,000 lbs. punching pressure. 









DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Telephone: WESTERN 8077 (8 lines) Telegrams: ACCURATOOL HAMMER LONDON 
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E.M.!I. PLUG-IN KLYSTRONS 


FOR EXTERNAL CAVITIES 


E.M.I. Electronics Ltd. produces the largest selection of plug-in 
reflex Klystrons available, covering 500 Mc/s-12,000 Mc/s, witha 
further tube under development designed to operate up to above 
20,000 Mc/s. In addition, E.M.I. provides an extensive range of 
suitable cavities, both for narrow and wide-band tuning. 

Plug-in Klystrons offer important advantages, including: 


* Low Replacement Cost An expensive cavity is not thrown away 
and a replacement tube is very much cheaper than an integral- 
cavity Klystron of comparable performance. (e.g. the RK 6112A, 
an ‘S’ band plug-in L.O., costs £12. 0. 0d.) 

* Practical Convenience Tube replacement is greatly simplified. 


* Consistency of Characteristics Concentration on a limited range of 
plug-in tubes brings benefits in improved electrical tolerances, 
uniformity, reliability and life. 


* Flexibility in Cavity Design Design can be any desired compromise 
between tuning range, frequency stability, weight and cost. 
Latitude is also permissible with resonator shape and type of 
output coupling. 


Full details on application 


E.M.I. ELECTRONICS LTD 


Valve Division - Hayes - Middlesex + Tel: Southall 2468 
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—for Industrial Research 


A simultaneous 
dual-channel 


tape recorder 
Series 3C/FN 


Tue Ferrograph Series 3C/FN, illustrated 
here, is a simultaneous dual-channel instru- 
ment, using staggered heads, which offers 
special facilities to those engaged in medical, 
aeronautical and other scientific research. 
Besides the normal ability to record simul- 
taneously time pulses on one track and 
intelligence on the other, it becomes immedi- 
ately obvious that many forms of comparative 
measurement, stereophonic sound, or indeed, 
any two activities capable of being trans- 
lated into electrical phenomena (within its 


The Incomparable WEFF'O graph 


131 


Sloane Street, 


frequency and phase shift limitations) can be 
recorded simultaneously and replayed when 
required. Thus, the scope of such an instru- 
ment, when used for Research purposes, is 
almost unlimited. 

Our wide experience in the design, manu- 
facture and application of high precision 
magnetic tape recording equipment in Industry 
will be made freely available to you on 
request. 


London, SWI. Tel: SLOane 2214/5 & 


(A subsidiary of the Ferrograph Company Ltd.) 
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Silicon 
Controlled Rectifiers 


pre-production quantities now available: 
quantity production—Fanuary, 1960. 





APPLICATIONS INCLUDE: Motor control; ignitron firing; 
D.C. to A.C. conversion; frequency 
conversion; phase-controlled D.C. 


power supply; static switching. 
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Rectifier Peak inverse Mean D.C. Average Rectifier Peak inverse Mean D.C. Average 

Type: voltage forward Trigger Type: voltage forward Trigger 

current power current power 

volts amp. watts volts amp watts 
CX10/25 25 10 0°! CX5/25 25 5 0-1 
CX10/50 50 10 0°! CX5/50 50 5 Ol 
CX10/75 75 10 0-1 CX5/75 75 5 01 
CX10/100 100 10 0°I CX5/100 100 5 0-1 
CX10/150 150 10 0-1 CX5/150 150 5 0-1 
CX 10/200 200 10 01 CX5/200 200 5 0-1 
CX10/250 250 10 0-1 CX5/250 250 5 0"! 
CX10/300 300 10 0-1 CX5/300 300 5 O-1 





























Write for further information to your 
nearest AEI Office, or direct to:— 


Associated Electrical Industries Limited 


Electronic Apparatus Division 
VALVE AND SEMICONDUCTOR SALES 
LINCOLN, ENGLAND 
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ya 
A RANGE OF TRANSISTORISED 


with these features 








* FOUR TERMINAL NETWORK 


nominally zero impedance at your circuit. Resistance 
of interconnecting leads automatically eliminated. 


* OVERLOAD PROTECTION 


latching relay ensures unit cut out on overload. 
Fuses protect unit against component failure. — 





MODEL TiOL TI03 
LOW TEMPERATURE RISE Output: 0-50V, IA 0-30V, IA 
exclusive use of C core transformers. Weight: ” tl atl 
Price: £93 
* METERS 
grade | E. TURNER ammeter and voltmeter. 
WORKMANSHIP 
to highest standards, ROBAND standards. 
PERFORMANCE 
IMPEDANCE: <0.05 ohm 
RIPPLE: <I mv 





OUTPUT VARIATION: Less 


than | part in 1200 for 7% mains change. MODEL Tio2 T105 
Output: omy, 2A ony 2A 
ze: “x 8" x ad 
MAINS 200/250V. A.C. (1I5V models available) Weight: 35} Ibs. - 
Price: £100 £118 


%* Not applicable to sub-units. 


ALL PRICES EX-WORKS 





PLEASE NOTE OUR 





NEW ADDRESS AND 


MODEL TI04 0-30/0-30V, each section IA. 








Size: 165” x 8° x 10}” hi 
TELEPHONE NUMBER Wei hts 381 tbe deine 
rice: 


Basically a centre tapped D.C. supply with 
independent controls. 


Me i 
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REGULATED SUPPLIES... 








MODEL TI00 25V max at IA. MODEL TI06 0-100V, IA. 








Size: 7} x 4” x 53” high Size: 21}” x 13” x 112” high 
Weight: 5 Ibs. yg 19” x 8?” panel) 
Price: £45 Weight: Ibs. 

Price: £149 





MODEL TI08 SOV max at IA. MODEL TI07 0-100V, 2A. 








Size: 8)” x 53” x 6)” high ize: 214” x 13” x 113” hi 
Weight: 8 Ibs. ius (Standard 19° x of panel) 
Price: Weight: 60 Ibs. 

Price: £183 


1 ' 
' Also: A RANGE OF FIXED AND ! 
| VARIABLE STABILISED SUPPLIES UP | 
' TO 500 V ‘ 
| And: A RANGE OF R.F. STABILISED ; 
‘ SUPPLIES UP TO 50 K.V. : 


ROBAND 


ELECTRONICS LIMITED 











MODEL TI09 50V max at 2A. 
Size: 10}” x 53” x 7}” high 
patton 8 Weight: 13 lbs. Beulah Works - Beulah Road 
igh ce: 
cmv san to es emeanen sn ayaa wo eens . Thornton Heath - Surrey 
; All sub-units are supplied at fixed voltages. Thus ! 
upply with 1 © 1100/24 is a 24V 1A supply. The output can be | . 
Fie simp oc on itan wenconeo1o Telephone: LIVingstone 6606/7/8 
- dP 
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A COMPLETE RANGE OF VACUUM TUBE REGULATED SUPPLIES 


WITH THESE FEATURES .... 


FREQUENCY RESPONSE—complete stability from | c.p.s. to beyond 
100 k.c.s. 


STABILITY—guaranteed for + 10% mains variation—double triode 
difference amplifiers ensure freedom from drift. 


LIFE— conservatively rated components ensure long life. 


IMPEDANCE—a preset potentiometer allows for smooth impedance 
adjustment from positive to negative values. 


MAINS—200/250 V.A.C. (115V models available). 


FRONT PANEL UNITS—fitted with Plessey Mark IV or Films & | AMP UNIT 


Equipment Jones type plugs & sockets. Please state preference. 
















































































































































































D.C. Output Effective Voltage . i 
ona ie | aeeein A.C. Outputs | Resistance} Stability | Ripple Size Pai 
OPEN CHASSIS UNITS 
M23 +150V 0-50mA 6.3V2A & 6.3VIA | <0.10 <0.02% <ImV_ | 6"x 5}”x 53” ht. £30-0-0 
M23A +200V__| 0-50mA 6.3V2A & 6.3VIA | <0.10 <0.02% <ImV_ | 6”x 5$”x 53” ht. ~ £30-0-0 
M33 +250V 0-50mA 6.3V2A & 6.3VIA <0.1.0 <0.02% <ImV | 6’x 5h" x 53” ht. £27-10-0 
MI4A +100V 0-100mA 2x 6.3V3A C.T. <1.0Q <0.02% <ImV 103” x7” x 6y” ht. £63-0-0 
M24 +150V 0-100mA 2x 6.3V3A C.T. <0.1.0 <0.02% <ImV_ | 79” x 63” x 6}” ht. £33-10-0 
M24A_ | +200V 0-100mA_ | 2x63V3ACT. | <O1Q | <0.02% <ImV__| 79" x 63" x 63” ht £33-10-0 
_M34 +250V 0-100mA 2x 6.3V3A <0.1.2 <0.02% <imV_ | 7}”x 6}” x 6}” ht. £33-10-0 
M34A +300V 0-100mA 2x 6.3V3A _ <0.12 <0.02% <ImV_ | 7#’x 63” x 63” ht. £33-10-0 
M25 +150V_ | 0-200mA 2x6.3V3A CT. | <0.10 <0.02% <ImV_ | 83x 8}"x 63” ht. £52-10-0 
M25A +200V 0-200mA 2 6.3V3A C.T. <0.1.2 <0.02% <ImV_ | 8}”x 8" x 63” ht. £52-10-0 
_M35_— | +250V__ | _0-200mA 2x 6.3V3A <0.1.0 <0.02% <ImV_ | 83”x 8)" x 63” ht. £52-10-0 
M35A +300V 0-200mA 2x 6.3V3A <0.1.2 <0.02% <ImV_ | 83” 8}" x 6} ht. £52-10-0 
M26SA +200V 0-500mA 2x 6.3V5A C.T. <0.1.0 <0.02% <ImV 14” x 114” x 8" ht. £88-0-0 
M36S +250V 9-500mA 2x 6.3V5A <0.1.0 <0.02% <ImV 14” x 114” x 8” ht. £88-0-0 
M36SA +300V 0-500mA 2x 6.3V5A <0.1.0 <0.02% <ImV 14” x 114” 8" ht. £88-0-0 
M28A +200V 0-350mA 2x 6.3V5A C.T. <0.1.0 <0.02% <ImV 134” x 83” x 63” ht. £66-0-0 
M38 +250V 0-350mA 2x 6.3V5A <0.1.0 <0.02% <ImV 134” x 83” x 62” he. £66-0-0 
M38A +300V 0-350mA 2x 6.3V5A <0.1.2 <0.02% <ImV 134” x 83” x 62” ht. £66-0-0 
19 in. FRONT PANEL UNITS 
M26A +200V__| 0-500mA | 2x6.3V5A <0.1 0 <0.02% <ImV 19” x 12” x Bf” ht. £97-10-0 
M36 ~_ +250V 0-500mA 2x 6.3V5A <0.1.0 <0.02% <ImV 19” x 12” x 83” ht. £97-10-0 
M36A_| +300V_ | 0-500mA 2x 6.3V5A <0.1.0 <0.02% <ImV 19” x 12” x 83” ht. £97-10-0 
M27A_ | +200V_ | 0-I.0A 2x 6.3V5A <0.1.0 <0.02% <ImV 19” x 153” x 83” ht. £165-0-0 
_ M37 +250V 0-1.0A 2x 6.3V5A <0.1Q | <0.02% <ImV 19” x 153” x 83” ht. £165-0-0 
M37A_ | +300V 0-1.0A 2x 6.3V5A <0.1.Q <0.02% <ImV 19” x 153” x 83” he. £165-0-0 
_M29A | + 200V 0-2.0A 2x 6.3V5A <0.1.0 <0.02% <ImV 19” x 18” x 104” ht. £255-0-0 
M39 __+250V__| 0-2.0A 2x 6.3V5A <0.12 <0.02% <ImV 19” x 18” x 104” ht. £255-0-0 
M39A + 300V 0-2.0A 2x 6.3V5A <0.1.Q <0.02% <ImV 19” x 18” x 104” ht. £255-0-0 








MADE AND GUARANTEED BY 


ROBAND 


ELECTRONICS LIMITED 





MI4A UNIT 
Beulah Works, Beulah Road, Thornton Heath, Surrey Telephone: LIVingstone 6606/7/8 
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LIES 













Rapid, 
high-quality 





|| Photoprinting 








£30-0-0 

710-0 and no ventilating system required 

a The Ilford AZOFLEX Model 246 Combine printing 

£33-10-0 and developing machine (formerly known as Model 

£33-10-0 46/35) is designed for use in the print room of the large 

£33-10-0 

75-10-20 drawing office. It does not produce unpleasant fumes xX 

£52-10-0 and special ventilating systems are thus unnecessary, 

£52-10-0 — . 

755-100 making it a simple matter to move the machine to a 4 ® Expnense, develonatent ent griat 


788-00 new position at any time. / delivery synchronized for simplicity 





£88-0-0 f of operation. 

£88-0-0 ®@ All controls conveniently located for 

£66-0-0 rapid, effortless adjustment. 

— @ Pneumatic-assisted handling of 

nn originals and sensitised material to 
obviate fatigue. 

a0 ® Complete design co-ordinated for 

197-100 exceptionally high potential output. 

ti650-0 @ Excellent mechanical layout giving 

£165.00 silent, vibrationless running. 

£165-0-0 @ Comprehensive maintenance service 

£165-0-0 Mur . 

£255-0-0 available at nominal cost. 

ee Capacity: rolls and cut sheets up to 42 in. wide. 

£255-0-0 | Printing speed: from 2 ft. to 30 ft. per minute. 


Lamp: H.P.M.V. quartz, 3,000 watt. 
Dimensions: height, 58 in., width, 72 in., depth 
(tray extended) 80 in. Weight : approx. 1,400 Ib. 
Subject to certain conditions, the majority of 
AZOFLEX photoprinting machines can be hired 
as an alternative to outright purchase. 


ILFORD 











PHOTOPRINTING MACHINES & MATERIALS 
Full details from 
| 6606/7/8 ILFORD LIMITED, INDUSTRIAL SALES DEPT.AZ18G 
ILFORD, ESSEX. TELEPHONE: ILFord 3000 
————— TT 
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The above depicts the optimum performance 
possible with 


THE NAGARD MODEL 301 


Designed around the latest type of high sensitivity 
cathode ray tube, this instrument provides all the 
essential features of a wide band oscilloscope with 
accurate measuring facilities and an exceptionally wide 
range of sweep speeds. The aim has been to get these 
features incorporated in the least complicated manner, 
resulting in a compact, rugged and reliable design 
produced to the highest standard of workmanship at an 
economical price. 


CATHODE RAY TUBE 


5” diameter flat faced with a window area of 4 x 10 cms. 
Total accelerating voltage applied by means of a helical 
system is 10 KV, resulting in a small beam spot and a 
trace capable of resolving fine detail. 


TIME BASE 


Calibrated sweep times from 0.5 sec. to 0.1 usec per cm. 
accurate within 2% by direct reading ot time per cm. 
An uncalibrated fine control increases the maximum 
sweep time to I.2 sec/cm or 12 secs for a full screen 
sweep of Io cms. 

Sweep expansion x 10 reduces the minimum sweep 
time to 10 musec/cm. equivalent to a sweep speed of 
I mm. per muysec. Versatile and highly efficient 
triggering circuitry provides both repetitive and single 
stroke conditions. 


Y AMPLIFIER 


RM axcasteessesstaxes anes D.C. to 40 Mc/s (—3dB) 
BEI. cincdowdihetsadesssence 9 Musec 
SND ccincns¢nssnsssvwncsdaes I cm. per 100 mV. 


NACART] 





By switch control the sensitivity can be increased to 
I cm. per 10 mV over a band width of 2.5 c/s to 20 Mc/s. 
A ninestep attenuator and a fine gain control extend the 
sensitivity range to approximately I cm. per 12 V. An 
R/C probe is available with 1o—1 reduction factor, 
extending the range to a minimum of 1 cm. per 120 V. 
A balanced signal delay is incorporated in the amplifier 
enabling the observation of pulse leading edges. 


VOLTAGE MEASUREMENT 


A calibrator is provided giving output of 40 mV and 
400 mV accurate within 2%. 


POWER SUPPLIES 


Both H.T. and E.H.T. voltages are stabilised over a 
wide range of mains input voltage variations, and the 
power supplies are built into the case of the oscilloscope. 


NOW IN PRODUCTION after proving a series of 
prototypes over the past 2 years, and incorporating 
10 years of specialised experience, this instrument 
initiates a new range of first class oscilloscopes 
for the discriminating user. Ask for Data Sheet 
No. 1259. See this and other new NAGARD 
instruments at the Physical Society Exhibition— 
January 18th—22nd. 


18 AVENUE ROAD - BELMONT - SURREY 


TELEPHONE: VIGILANT 9!61-2 
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Don't blow your lop! 


~ 











It can be exasperating when you’re doing your best to build to a size, a price 
or a performance figure and some obstinate component keeps beating you. 
But wait, keep calm, isn’t there just a chance that PTFE might be the answer? 
Tough, non-corrodable PTFE with its complete freedom from tracking and its 
low dielectric constant, power factor, dielectric strength and wide temperature 
range. If there’s a hope that PTFE might be the answer, leave it to us to find 
out. We have the facilities and the experience. We use PTFE in many of our 
own products, and we process, mould, extrude, machine and fabricate it for 
other manufacturers. We have stopped quite a lot of tops from being blown 
by using PTFE in components like valve and cathode ray tube holders, 
insulators, co-axial connectors, wave guide windows and instrument 

wire sheathing. Write for our booklet about it. 


mare GIL FLUOROCARBONS 
; PTFE & PCTFE 


EDISwaA™ 
SIEMENS EDISON SWAN LIMITED 4» 4.£./. Company 


Product Department 17 - 155 Charing Cross Road - London WC 2 - Telephone: GERrard 8660 
CRCI7/30 
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3 Type 201, the newest precision wirewound 
resistor can be plugged into an Electro 
Methods type D2 socket. Gold-plated phos- 
phor bronze pins ensure strength with 
consistent low ohmic contact resistance, 
while the tough resin encapsulation will 
withstand extremes of temperature and 
humidity. 









The standard range of Rivlin precision 





resistors are eminently suited to all 
applications requiring great accuracy, 
stability and low temperature coeffecient. 
Supplied to any tolerance up to + 0.1% 
of the nominal value, or 0.010, which- 


ever is greater. 


Type PC.301 > 
RIVLIN, the name behind the resistors 


Type PC.301, the miniature precision h preferred the world over for their 
resistor designed specifically for printed te, : accuracy, reliability, craftsmanship and 
circuit use. Phosphor bronze pins, “te, prompt delivery. 


spaced 0.3” to suit the standard Printed 
Circuit module, are silver finished for 
ease of soldering. The PC.301, which is 
unaffected by extremes of temperature 
and humidity, is designed to match the 
rapid development of modern Printed 
Circuits. 


RIVLIN INSTRUMENTS LIMITED 


Doman Road, 
Camberley, Surrey. 
Tel: Camberley 2507/8 
London Office: Tel: 
Swiss Cottage 3038 


ELECTROWIC ENGINEERS 





5621 
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Araldite epoxy resins are used — 
g for casting high grade solid electrical insulation 


g for impregnating, potting or sealing electrical 
windings and components 


= for producing glass fibre laminates 
» for producing patterns, models, jigs and tools 
w as fillers for sheet metal work 


m@ as protective coatings for metal, wood and 
ceramic surfaces 


g for bonding metals, ceramics, etc. 


DECEMBER 1959 (1) 





The Synchro units shown, made by R. B. Pullin & Co. Ltd, are 
sectioned to show how the stators are integrally cast in Araldite to 
provide maximum protection against the effects of extremes of 
temperature, humidity and vibration. The excellent machining 
properties of Araldite make possible a straight-through bore tech- 
nique, which eliminates errors in alignment and also permits the use 
of the smallest possible air gap between rotor and stator. High 
insulation and dielectric strength, remarkable adhesion to metals, 
and negligible shrinkage on curing make Araldite eminently suitable 


for use in the construction of precision electrical equipment. 
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This photograph shows an 
A.E.W. electric oven, capable 
of maintaining temperatures 
within close limits, as used by 
R. B. Pullin & Co. Ltd. for 
curing the Araldite-filled 
stators. 








Araldite Bgamanus 





Araldite is a registered trade name 


CIBA (A.R.L.) LIMITED 


Duxford, Cambridge. Telephone: Sawston 2121 


AP463 


97 ELECTRONIC ENGINEERING 





EE 16 100 for further details 


up goes the ohmic range! 












JAMES A. JOBLING & CO. LTD (makers of Pyrex) 
are pleased to confirm this recent announcement, 

which may be attributed to two factors: Jobling’s improved 
manufacturing techniques; and a vast increase in their 


sales of Metal Oxide Film Resistors. 
AND IN COMES A NEW NAME... 
for easy ordering!... 


ectrosil 


Regd. Trade Mark 





3 r Sit: 7 ‘ ms 
ea, te 
Bees Osh 


fhe name ‘Electrosil’ now covers all 
METAL OXIDE FILM RESISTORS 

made by Joblings. 

These highly stable resistors are now available in values up to 2.2 megohms. 

Two ranges are immediately available in any quantities: 

Style N. high stability resistors in 4, 1 and 2 watt ranges. 

Type Approved to the new RCS (Prov) 114, these resistors offer amazing reliability 

and stability at prices comparable with conventional cracked carbon resistors. 

Style P. Compact, insulated resistors of up to 7 watts capacity. The Style P. range has been 
especially designed for the radio, television and allied industries. 

A HIGHER OHMIC RANGE 

ALL THE ADVANTAGES OF TYPE-APPROVED 

METAL OXIDE FILM RESISTORS 

AND LOWER PRICES 





resistor prices! 


For further information, please write to 
Technical Division, James A. Jobling & Co. Limited, Wear Glass Works, Sunderland 
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CAPACITORS 


Type H precision silvered mica capacitors— 
the latest addition to the JMC range—are 
suitable for use from —70°C to +250°C, 
Silicone rubber protection safeguards their 
outstanding performance at very high opera- 
ting temperatures. 


* 
* 


* 


* 
* 


Fired construction 


Two standard sizes covering all values 
from 5uuF to 50,000 puF 


Minimum tolerance +-3°% or +1 upF 
(whichever is greater) 


Small physical size 
Silver or silver-clad connecting leads 


Catalogue sheets describing the complete range of 
FMC precision capacitors are available on request. 


Johnson My Matthey 


JOHNSON, MATTHEY & CO., LIMITED 
73-83 HATTON GARDEN, LONDON, E.C.! 
Telephone: Holborn 6989 

Vittoria Street, Birmingham, |. Telephone: Central 8004 
75-79 Eyre Street, Sheffield, |. Telephone: 29212 
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Magnetic Particle 


COUPLING 


This is a positive coupling working on a new principle. 
It is NOT a magnetically operated 


clutch, and there are no plates to wear. 





Driving and driven members are coupled by 


magnetically activated particles, giving 
perfectly smooth take-up and accurate control 
of torque. Eight standard units are made 


ranging from 1/3 to 200 lb/ft. 





ee 


INDUSTRIAL PRODUCTS DEPARTMENT, WITNEY, OXON Telephone Witney 678 


AP/85 
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ae 
whether it’s 


valves or valves 
...the best are made from 


LOW MOOR 


stainless and 
heat resisting 


STEELS 


Full technical details for any specification will be supplied on request 





GOW MOOR ALLOY STEEL WORKS LTD. LOW MOOR BRADFORD TEL: BFD. 77331 (9 LINES) FOR ALLOY & SPECIAL STEELS & SUPER HIPERM. FOR EXTRUSIONS LOW MOOR FINE STEELS LTD 
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Forward wave amplifiers 





LA4—250 
























































TYPICAL OPERATION AS AMPLIFIER 
Tube Mount Frequency | vane 
Lag ~ Deterincon on (Sat.) Noise Power Attenuation Helix Collector Collector 
: : (Ww) Factor Gain at Ik=0 Voltage Voltage Current 
(db) (db) (db) (Vv) (Vv) (mA) 
LA4—2 P4L—! Low noise tube 3.6 to 4.2 0.002 8.0 27 45 550 500 0.2 
w LA4—250 P4L—2 High gain 3.6 to 4.2 0.2 24 31 50 1200 1250 3.5 
w amplifier tube 
a 
a 
sis LB4—2 P4L—3 Power amplifier 3.6 to 4.2 2.5 29 31 60 1300 1250 25 
x tube 
z 
a 
w LB4—8 P4L—4 Power amplifier 3.8 to 4.2 8.0 30 37 60 1100 1150 50 
> tube 
< 
3 
fe) LA6—3 P6éL—! Low noise tube 5.9 to 7.6 0.003 8.0 28 45 600 550 0.3 
a 
Y 
= LA6é—200 P6L—2 High gain 5.9 to 7.6 0.2 25 35 55 1350 1300 5.0 
amplifier tube 
LB6—12 P6L—3 Power amplifier 5.9 t0 7.6 12 29 36 65 2400 1500 40 
tube 
rt 
ao LAI—3 {Po—t | High gain broad 7 to IILS 0.006 {23 | 27 40 1250 135¢ 0.55 
Fa |S9L—I *; band tube \!e*) 
a 
Ps LAI6—2 (Pi6L—! | High gain broad 11.5 to 18 0.003 126 | 22 40 1600 1700 0.35 
< \Si6L—t * band tube \20 *; 
« 
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Collector 
Current 
(mA) 


A 


0.2 


25 


50 


0.3 


0,35 
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with focusing systems 


The Mullard range of forward wave amplifier 
tubes now comprises nine types for microwave 
link and radar applications. 























All tubes in the range are normally supplied 
with permanent magnet focusing systems and 
waveguide outputs, but solenoid systems are 
available on request. The permanent magnet 
systems eliminate the need for additional power 
supplies and cooling which is associated with 
solenoid focusing systems. They are compara- 
tively small and light, and their simplicity makes 
a significant contribution to equipment reliability 
and economy. 

The focusing systems are designed for easy 
installation and alignment of the tubes, and are 
fitted with adjustable matching screws. 

Full details of Mullard travelling wave tubes, 
their focusing systems and other microwave 
valves are available from the address below. 





Ses oe 












GOVERNMENT AND INDUSTRIAL 
VALVE DIVISION 


MULLARD LIMITED - MULLARD HOUSE 
TORRINGTON PLACE - LONDON WC! 
TELEPHONE: LANGHAM 6633 


MVT371 
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Curves illustrate typical delay time 
per stage vs. gain-bandwidth product 
and fanout for the switching circuit 
shown below. 











WITH 3 NEW RGA | DRIFT) TRANSISTORS 
FOR COMPUTER APPLICATIONS! 


RCA continues to pioneer superior-quality semiconductor devices 








RCA-2N643, RCA-2N644, 
and RCA-2N645 
feature controlled minimum 
transistors. These three new units feature controlled minimum gain-bandwidth products, 

of 20, 40 and 60 Mc 


with the new RCA-2N643, RCA-2N644, and RCA-2N645 “Drift” 


gain-bandwidth products permitting the design of extremely high- 





} TYPE 2N643 | 2N644 | 2N645 
speed non-saturating switching circuits with rise, fall, and propaga- Miaimem geie- 
| bandwidth 20 40 60 
Product*® Mc 








tion time in the order of 20 millimicroseconds. — 
| Minimum 

> . ° ° ‘ : os ve | collector** 

For your high-speed switching circuits requiring pulse repetition breakdown 


volts 


30 30 30 





rates up to 10 Mc, investigate the superior design possibilities and es 
| transter 
ratio*® 


20 20 20 





benefits available to you with the new RCA “Drift” transistors - 


Maximum 
collector 


RCA-2N643, RCA-2N644, and RCA-2N645 - hermetically sealed copecitance 


nuf 


3 5 5 




















° a6 P ° . | *Collector Volts = -7, collect = -§ 
in cases utilizing dimensions of JEDEC TO-9 outline. Collector Current = 100 na 


gue, For technical data write to : 
+ ‘a ) RCA GREAT BRITAIN LTD., ENGINEERING PRODUCTS SALES DEPARTMENT EE2 


An Associate Company of Radio Corporation of America 


Lincoln Way, Sunbury on Thames, Middlesex. Tel: Sunbury on Thames 3101 
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A wide range of counting speeds 
from random pulses to 20,000 per 
second created by the product or 


machine. 


A variable visual record of lapsed 
time, weight, quantity, length, 


measurement or movement. 





PATENT APPLIED FOR 


ro ne The cycle of operations may still be 
@ Coincident circuits to actuate y P , 


varying operations at precisely 
the correct time, place or 
position. 


manually operated. 


Our engineering and research staff 
will be glad to consult with you on your 


problems in the fields of Mechanical Engineering, 


] Electronics, Pneumatics, Hydraulics, 
Servo - Mechanisms, whether 
research, development or 
= 


production. 





| TIMOTHY EATON LIMITED 


applied research for industry 


Thornfield Laboratories, 
Macclesfield Road, Alderley Edge, Cheshire. 


Telephone: ALDERLEY EDGE 2521 2 Telegrams: ELECTRONICS, WILMSLOW 
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ADVANCED DESIGN 





SIE 








INSTRUMENTS 








model R-3 
transistorized voltmeter 
Combines more desirable: eatures than any other instru- 
ment in its class. Transistorized circuitry provides out- 
standing reliability, eliminates warm-up, gives instantly 
stable operation. ttery operation makes the R-3 immune 
to transient power-line disturbances. Self-contained battery 
source in a quick-change compartment gives more than 300 
hours battery life using readily available batteries. “Battery 
Test” indicates battery condition. 
VOLTAGE RANGES: AC, | mv to 1000 v full scale in 
14 ranges; DC, | v to 1000 v full scale + or — in 7 ranges; 
Electrometer, 0 to | vde+or— * ISTANCE RANGES: 
10 ohm, 100 ohm, | k, 10 k, 100 k, | m half scale * INPUT 
EDANCE: AC, |0 m, shunted by 25 mmf; DC, 100 m; 
Electrometer,Greater than 10, UEN' 
RESPONSE (on AC): op: 
3°. * DIMENSIONS: 11%” x 74”H x 108”D. 


ee ee ee eee ee eee ee 





model R-2 
vacuum-tube voltmeter 
Offers more in terms of functional versatility, range, and 
accuracy, than hitherto available in a single electronic volt- 
meter. Incorporates unique SIE “DC Distend™ which ex- 
geewe any — of DC volts ranges by a factor of 10 or 100 
for critical voltage measurements. Novel circuitry makes all 
readings upscale, with polarity-indicating lights, giving 
twice the scale length of center-zero meters. VOLTAGE 
RAN Cc DC: | MV-1000 V full scale, 14 
ranges, in 10 db steps ' RESISTANCE RANGE: 10 ohms- 
megohms midscale, in decade ranges *° DB S :—20 
to + 2db* FREQUENCY RESPONSE: 10 cps | mc * DC 
CALIBRATION: Internal standard cell, provides 1.00 volt 
on front panel to 10 m ohms _ EDANCE 
ty am shunted by 2 

onal (9 megohms on AC) VOLTA 
megohms shunted by 20 mmf * ACCURACY: 2% a full 
scale+ .1 MV, : 


POWER RE 
DIMENSIONS PORTABLE. 
D (not including handle)— 
PR TIP D dbehind sack voncl)* FINISH AND CASE: 
Black anodized Ra faved yw panel; grey wrinkle 


aluminium case 





model N-! transistorized 
signal generator 

Continuously variable over a frequency range from 2 to 
200,000 cps. Transistorized, battery operated, providing | v. 
rms. output at less than 1% distortion. Five band, extended 
frequency range makes this instrument particularly useful in 
the design, test and repair of audio, geophysical. medical, and 
control equipment. Special features include calibrated 
attenuator and adjustable combination handle-support. 
FREQUENCY RANGE: 2 cps to 200 kcps in 5 bands 
(10:1) * CALIBRATION ACCURACY: Frequency 2%, 
20 cps to 200 keps * LEVEL 5% OUTPUT: Volts (Rated) 
1.0 v. rms at less than 1% distortion * SOURCE IMPED- 
ANCE: 1500 ohms in attenuator positions; less than 50 
ohms in low impedance position ° DIMENSIONS: 74”H 
(with feet) x 11 ¥%”W (with handle) x 10%”D 





ARP-2 audio response plotter 

Permanent, pen-written frequency response curves of any 
audio-range equipment provided quickly and easily. Input 
to system under test is supplied by a built in audio oscillator. 
As the oscillator sweeps its range, output ‘rom the tested 
system is plotted on the chart. 
FREQUENCY COVERAGE: 20-20.000 cps * CHART 
SCALES: 1.AC signal levels, linear in db, 0-40 db range. 
2. DC voltage, 0-1 volt, linear in voltage, self-calibrating * 
MAXIMUM AC SENSITIVITY: 10 millivolt- full-scale, 
i.e.—chart covers 100 microvolts to 10 millivolts (40db) * 
INPUT IMPEDANCE: AC. | megohm; DC, greater than 
10 megohms * ACCURACY: AC level recorder, +1 db; 
DC recording, 1% RECORDING SPEED (USING 
MOTOR-DRIVE): 6 injminute * PEN SPEED: | sec. 
(full span) * CHART SIZE: 154” Lx 53” W * POWER 
REQUIREMENTS: 105-125 vac. 50-60 cps; 100 watts} 
DIMENSIONS: 194” Wx 10s” Hxtl” D > CASE: 
Aluminium, portable * WEIGHT: 34 pounds. 
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General European Representative : 


SIE Division of Dresser AG 
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model T-! vibration meter 
The SIE Model T-1 Vibration Meter enables the user to 


measure te sa + amplitude, acceleration and velocity 
of vibration—from which frequency can be + 4 calculated. 
ttery-powered transistor circuitry makes the T-1 com- 
pletely portable, and eliminates the effects of power-line 
transients. It is necessary only to connect the transducer 
(either seismic-velocity or crystal-accelerometer type) for 
reading to taken, making the T- 1 gyn for —— 
vibration analysis on aircraft, 
llations with no available power source.  Ontout oF 
are provided to permit wave-form monitoring and recording 
of measured parameters. 











model D-3C DC amplifier 

The SIE Model D-3C DC Amplifier meets the specific 
requirements of airborne thermocouple and strain gage tele- 
metering applications. It is a differential DC ampl lifer de- 
signed to withstand extreme environmental conditions. 





model K-I microsource 

Usable with any standard oscillator in its frequency range 
to produce controlled test signals. Internal battery an 
polarity-reversing switch for generating DC test signals. 
Output continuously variable from zero to |0 volts in 7 steps. 





SIE’s new 300,000 sq. ft. facilities 
for research, development and 
manufacture of electronic instru- 
mentation, now completed in 
the DRESSER ELECTRONICS 
CENTER, Houston, Texas. 
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when its essential to what the problem is 


—let AVELEY-ELECTRIC 
show you how it can be done 


—— ee 








i 














WIDE BAND 
MICROWAVE 
REFLECTION- 
ATTENUATION § 
DISPLAY GEARH) | 
for the range S@ 
1600 -16000 Mc/s 


for both coaxial and waveguide 


circuits: direct-reading in 
reflection coefficients, attenuation 
and frequency deviation limits: 
DO A DAY’S WORK 25 TIMES PER SECOND = 


let us illustrate the parameters of your VHF problem with a POLYSKOP 


* Two-channel display on 14” cathode ray tube 








%* RF generator 500 kc-400 Mc/s with controlled 
output level 


Deviation +200 kc/s to +50 Mc/s 
Accurate 10 dB and 1 dB step attenuators, low VSWR 


Piug-in probes for point-to-point checks 


om 


* KK OK 


Frequency markers 50-10-1 Mc/s intervals 





The most time-saving aid yet in development 
of aerials, filters, amplifiers and other 
4 and 2 terminal networks. 

















FOR DETAILS OF THE MOST MODERN MEANS OF MEASURING, QUICKLY cate: 


(AK) AVELEY ELECTRIC LIMITED 


4) 
NUNES? = =sSoUTH OCKENDON - ESSEX + TEL: SOUTH OCKENDON 3444 


P.3979 
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Photo- 
electric 
control... 


the simplest system 













Thereis noformofphoto-electriccontrolsimpler, 
easier, cheaper than that with cadmium sulph- 
ide cells. Nothing more is required than a photo- 
cell, a relay and the power source. If you are 
designing photo-electric control equipment, or 
are interested in any way, you cannot afford to 
be without full information. Write to Mullard 
for details of photocells ORP11 and ORPgo. 






SUPPLY 
VOLTAGE 








Photocells 
ORP11 & ORP9O 


®@ Sensitive No amplifiers needed. 











@ High Current Robust relays operated direct. 






@ Non-Polar Operation from d.c. or a.c. supplies. 






@ Wide Response Through entire visible spectrum 
to near infra-red. 






@ Low Dark Current Typical light to dark current 
ratio 10,000 to I. 

@ Wide Range of Applications Flame failure detec- 
tion, door opening, automatic lighting control, 
and industrial on/off control are only a few of 
the many possible applications. 










Mullard House, Torrington Place, London, W.C.1 


Mullard Limited | Mullard 





Telephone : LANgham 6633 GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 





FP) MVT 368a 
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Commentary 


T has not been an easy matter in the past to judge the 

rate of scientific progress in the Soviet Union and it has 
been mistakenly assumed that the lack of news from behind 
the Iron Curtain is an indication that the Russians are a 
long way behind the rest of the world. 

There have, of course, been exchange visits in recent 
years between British scientists and their Russian counter- 
parts, but the reports which have been published by our 
scientists on their return do not always give a complete 
view of the Russian scene and with the present state of 
international relationships it is perhaps too much to hope 
that they would. 

However, they do show, as one would expect, that in a 
country which entered the scientific and industrial era 
at a late stage, there are deficiencies here and there, but 
where effort has been concentrated in a particular direction 
the results have been quite outstanding for all the world 
to see, and if any emphasis were needed in this respect the 
latest Russian successes in their space programme includ- 
ing the photographing of the remote side of the moon 
have provided all that is required. 

The exchange visits have been sufficiently frequent and 
varied in character to show that the Russian effort has 
not been concentrated on space research alone to the exclu- 
sion of all other fields and the signs are that considerable 
attention is now being devoted to developing the country’s 
industrial strength. 

Some further light has been thrown on this subject by a 
two-week visit to the Soviet Union by a team of six British 
engineers, led by Professor A. Tustin of Imperial College. 
to study progress in automatic control applied to industrial 
production and their report has just been published by the 
Department of Scientific and Industrial Research. 

The visit was made in May of this year following an 
earlier visit to this country by six Soviet engineers mainly 
from the Institute of Automatics and Telemechanics in 
Moscow and led by its Deputy Director, Professor B. S. 
Sotskov. 

_This visit to the Soviet Union, which was the first of its 
kind in the field of automatic control, was exploratory in 
nature and was intended to do no more than to open up 
channels of communication and to establish personal rela- 
tionships. Nonetheless the team were able in the two weeks 
available to visit a number of factories and research and 
teaching institutes in Moscow, Leningrad and Kiev. They 
visited the Institute of Automatics and Telemechanics 
where the highlight was the development of an automatic 
control system for a four-stand tandem mill which the 
team found interesting as an advanced theoretical study, 
but saw no evidence of its practical use. Included in the 
itinerary was a visit to the Institute of Automation of the 
Ukraine at Kiev which concerns itself with problems of 
automation and instruments for automation in heavy 
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industry including chemistry, metallurgy and mines as well 
as electric power systems. 

Their conclusions were that work in progress on auto- 
matic control in the Soviet Laboratories is being applied 
on an increasing scale to all industrial applications and 
extensive use is being made of both analogue and digital 
computers although the work on the whole was not so 
advanced as it is in this country and chemical plant pro- 
cess control is cited as a case in point. 

On the other hand because of the particular needs of 
the Soviet Union there is considerable activity going on 
in control systems for the steel industry and integrated 
process control simulators are being developed to assist 
in the design of multi-variable control systems and later 
to operate as a part of more ambitious systems. 

In telemetry and remote control effort is not lagging and 
these principles have already been applied to the control 
of long gas transmission pipelines and to electrical power 
networks. 

In short, automatic control and automation in industry 
is being given considerable attention in the Soviet Union 
and to this end large and well equipped research and 
teaching centres have been set up from which a vast num- 
ber of trained engineers will eventually. emerge. These centres 
have been in existence only for the past two or three years 
so that the impact they have made is not yet very great and 
there is a vast leeway to make up. Nevertheless the general 
impression gained by the team is that engineering educa- 
tion is both massive and effective, and they go so far as 
to say that in a few years the application of automatic 
control in Soviet industry will have overtaken that in this 
country. The stage will then be reached when further 
advance will depend on breaking new ground but the team 
found insufficient evidence on which to judge how good 
the Soviet engineers would prove to be at this further stage 
although their present level of achievement in basic 
theoretical work is high and in other fields initiative has 
not been lacking. 

The conclusions which may be drawn on reading this 
report are plain for us to see. It has been known for a 
long time that the Soviet Union is sparing no effort to 
establish itself as one of the world’s leading industrial 
powers and the challenge to this country. must not be 
allowed to pass. 

The history of our industrial growth has been long and 
exciting with many “ firsts’ but we can no longer rely on 
our past achievements. We are at the beginning of another 
industrial revolution and we are witnessing the rise in in- 
dustrial power of large nations hitherto regarded as back- 
ward and under developed. We must not be lulled into a 
sense of false security by the words in the report that “ it ts 
easier to catch up than to surpass.” 
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A PROGRAMMED TEST SET 


By D. W. Bradfield*, B.Sc., A. M. East*, and H. F. Rourke*, B.Sc., A.R.C.S. 


This article describes how, by programming the test sequence with uniselectors, complex electronic 

equipment may be checked in a fraction of the time required to carry out manual tests. The test 

results are indicated by means of a‘ go-no go’ display. The particular programme was evolved to 

test the power system of a guided weapon, but the principles are generally applicable to a wide 
range of equipment. 


(Voir page 774 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 779) 


S a result of the increasing complexity of present day 
electronic equipment, the task of testing is becoming 
more difficult. As a consequence, it is desirable to check 
such equipments by means of automatic test gear. The 
test set described was specifically. designed to test a missile 
power supply in accordance with a predetermined pro- 
gramme. The tests which are carried out on the various 

units of the power supply are as tabulated below: 

UNII DETAILS OF TEST 
(1) Turbo-Alternator (1) Run-up time 

(2) The output voltage under 
both steady state conditions 
and transient conditions 
when the turbo-alternator is 
subjected to a load change. 


The frequency under both 
steady state conditions and 
transient conditions when 
the turbo-alternator is sub- 
jected to a load change. 


(3) 


(2) Rotary Convertor (1) The synchronism between the 
turbo-alternator and_ the 
rotary convertor. 

(3) Power Pack (1) The output voltages both 


alternating and direct. 
(2) The ripple level on certain of 
the lines. 
Static tests on the initial con- 
ditions. 


(1) 


(4) Programming Switch 
(2) A timing check on the switch 

operation. 

A test to ensure that the 

switch has reset correctly. 


(3) 


The total resistance value. 
The slider position. 


(1) 
(2) 

The operation of a single switch starts a complete test 
sequence which controls the svstem under test as well as 
measuring the various parameters as required. The display 
consists of *‘ pass” and ‘fail’ lamps to indicate the state of 
individual tests in addition to the main ‘ Pass’ and ‘ Fail’ 
lamps. 

The programme is divided into two parts: 


(5) Gain Controlling 
Potentiometers 


(a) Static tests which are carried out with the turbo- 
alternator stationary, and 

(b) Dynamic tests which are carried out with the turbo- 
alternator running. 

The complete sequence is, therefore, as follows: 

(1) A warming-up period for the power pack and rotary 
convertor during which time they are fed from an 


* The Plessey Company Limited 
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external supply simulating the turbo-alternator out- 


put. 

(2) Static tests on the programming switch initial con- 
ditions. 

(3) Static tests on the gain controlling potentiometers for 


total resistance value and slider position. 
Automatic start of the turbo-alternator and a sub- 
sequent check of its run up time, frequency and 
voltage and, in addition, a measurement of the latter 
two paremeters when the turbo-alternator is sub- 
jected to a load change. 

A timing check on the programming switch operation. 


(4 


(5 


(6) 


Automatic transfer of the power pack and rotary 
convertor from the warming-up supply to the turbo- 
alternator. 

A check of the output voltage of all the lines of the 
power pack and, in some cases, a measurement of 
the ripple level. 


(7) 


A check to ensure that the turbo-alternator and 
rotary convertor are synchronized. 

Shutdown of the turbo-alternator under specified 
load conditions. 


(8) 
(9) 


A test to ensure that the programming switch has 
reset correctly. 


(10) 


The Principle of the Test Set 

The principle of the test set is demonstrated in Fig. 1. 

The test programme is originated by means of a 
“sequence generator’ which initiates the commands to 
operate the ‘ control mechanism ’, the ‘ measurement blank- 
ing mechanism ’ and the ‘measurement selector mechanism.’ 
In addition, ‘pass’ and ‘fail’ lamps are lit via the 
sequence generator, the lighting of a particular ‘pass’ lamp 
indicating that all tests, up to and including that indicated 
by the lamp have been passed. 


The control mechanism sends the appropriate control 
signals to the ‘stimuli generators’ to feed the necessary 
inputs, including test signals, into the equipment under 
test. For example, it switches the external supply on and 
off the power pack and rotary. convertor and activates the 
primary source of power for the turbo-alternator. In addi- 
tion, the control mechanism is used to cycle the ‘ dummy 
load’ for the purpose of carrying out transient tests on 
the turbo-alternator. 

The measurement selector mechanism connects the 
appropriate measuring unit to the parameter to be 
measured and selects the correct reference level and limits. 
It should be noted that the measurement is normally 
inhibited for a finite period, by means of a ‘ measurement 
blanking mechanism,’ after switching in a measuring unit 
in order to allow any transients which may have been set 
up to subside. 
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The ‘measurement section’ contains the necessary 
circuits for converting the parameters to be measured into 
suitable form to be checked against a reference by means 
of various comparators. The references are direct voltages 
except in the case of measurements involving time intervals 
when the reference consists of a master timing pattern 
generated by the sequence generator. In all cases, except 
one, the pass or fail of a measurement is recorded by the 
state of a thyratron which, in turn, determines the condi- 
tion of a relay. In the event of a particular parameter 
being recorded as being within limits by the measurement 
section, a ‘ pass’ lamp is lit via the sequence generator on 
the completion of the test and the programme is allowed 
to proceed. In the event of a fail being recorded, infor- 
mation is sent back to the sequence generator to stop the 
test sequence. The missile power system is then switched 
off via the control mechanism and the relevant ‘fail’ and 
the main ‘fail’ lamps are lit. 
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Fig. 1. Simplified diagram of an automatic test set 


The Controller 

In any automatic device, the controller is the heart of 
the system. It consists of a programme generator, control 
mechanism and the measurement selector and blanking 
mechanisms. : 

The programme pattern is derived from two six bank, 
twenty five way uniselectors in series. The operation of 
the ‘start’ switch while the ‘auto-manual’ switch is in 
the ‘auto’ position initiates the necessary mechanism to 
Step the first of the uniselectors forward at either 10 or 5 
positions per second. This uniselector will be referred to 
as the fast uniselector and it drives the second uniselector 
forward one position every 2:5sec. The second uniselector 
will be called the slow uniselector. The fast uniselector is 
Stepped forward by a relay. closing the 50V return on to 
its energizing coil, this relay in turn being operated by 
the output of a Wien bridge oscillator and squarer which 
runs at 10c/s during slow uniselector positions 1-22 in- 
clusive and Sc/s for slow uniselector positions 23 and 24. 
The mechanism to terminate the run is initiated on posi- 
tion 25 of the slow uniselector when the fast uniselector 
reaches position 1. Thus are created 601 possible test 
positions explored in 65sec. 
Within the framework of this general pattern, control 
Is exercised by the operation or release of relays by the 
uniselectors or associated slave relays. The contacts of 
these relays then provide paths to pass the necessary 
stimuli to the equipment under test, to route the infor- 
mation received from the equipment under test together 
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with the appropriate references to the measurement sec- 
tion concerned, to remove the blanking at the time of 
test and to indicate the progress of the test run by light- 
ing pass lamps as each test is successfully passed and 
appropriate fail lamps should any test fail. This proce- 
dure is considerably simplified by dividing the tests into 
two groups, viz., 

(a) Those which, due to their time and duration of test, 
can be associated with a particular unique position of 
the slow uniselector. These are termed * instantaneous 
tests ’ and 

(b) Those which extend over longer periods of time and 
are termed ‘continuous tests’. 


INSTANTANEOUS TESTS 

Because of their association with particular slow uni- 
selector positions and the fact that a fail in any test imme- 
diately stops the test run, the control and recording of these 
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Fig. 2. Fail thyratron blanking 


tests is organized by both uniselectors as follows: 


(a) The arrival of the slow uniselector at a particular 
position lights the pass lamp for the previously. conducted 
instantaneous test and operates a relay which: 

(1) Passes the parameter under test and an appropriate 
reference (if required) to the relevant measurement 
section. 

(2) Partially removes the blanking from the fail thyra- 
tron for the particular measurement by connecting 
the lower end of the cathode potential divider chain 
to earth (see Fig. 2). 

(b) The arrival of the fast uniselector at position 18 
operates a relay which removes the remaining blanking by 
disconnecting the grid of the fail thyratron from earth. Thus 
a delay of 1-8sec is achieved after the measurement unit is 
switched in before any test result is recorded and this 
ensures that any transients which might have been set up 
have completely subsided. 

(c) The arrival of the fast uniselector at position 23 
releases the relay described under (b) thus restoring the grid 
blanking and terminating the measurement. 


(d) Should the measurement be outside the permitted 
limits, the fail thyratron is fired which, in turn, operates a 
fail relay in its anode. A fail signal is returned from the 
measuring unit to the controller where the ‘ instantaneous 
test fail relay ’ is energized. This relay then lights the appro- 
priate fail lamp via one of the banks on the slow uniselector 
and energizes the ‘ main fai] relays’ which in turn initiate 
the stop and shut-down actions. The shut-down action re- 
imposes the blanking on all measurements to ensure that 
no additional fails are recorded when the system under test 
is closed down. 


ConTINUOUS TESTS 
The problem of controlling the continuous tests is con- 
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siderably simplified by. the facts that they are few in number 
and that no two tests are of the same type. Consequently it 
is arranged that the relevant parameter is fed to the appro- 
priate measurement section continuously and the relevant 
test periods are determined by the blanking mechanism. In 
general the blanking mechanism is similar to that for 
instantaneous tests except that the relay initially energized 
by the uniselectors remains energized until released by the 
operation of another relay (i.e. it is not simply energized 
for one slow uniselector position). In certain cases, however, 
because of the need for flexibility, or for a time of com- 
mencement and/or duration not associated with uniselector 
positions, the blanking is organized by Miller delay circuits 
triggered by an appropriate reference. These apply particu- 
larly to the master timing pattern generated for the pro- 


‘ manual’ the fast uniselector coil is connected to a ‘single 
shot’ switch which allows the fast uniselector to move 
round one position every time the ‘single shot’ switch is 
released. The ‘clear fail’ switch breaks the earth return 
of the fail thyratrons thus extinguishing any that have 
fired and also removes the 50V from the holding contacts 
of the instantaneous test fail relay and other fail relays 
which energize it. The ‘ override’ switch releases or pre- 
vents the energizing of the main fail relays which initiate 
the stop action. Thus, for a more general type of equipment 
in which adjustment is both possible and permissible these 
facilities could play an important part in producing fully 
adjusted systems. 

The successful completion of a test run is indicated by 
the lighting of a prominent green main ‘pass’ lamp in 
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Fig. 3. Simplified circuit of voltage measuring unit 


S, run calibrate 


S, clear thyratron 


RV, set fail level—coarse 
RV, set fail level—fine 


gramming switch measurement and to the blanking and 
limit changes on the frequency measurements under tran- 
sient conditions. As in the case of instantaneous tests, 
should the measurement fall outside limits a fail signal is 
returned to the controller but, in this case, energizes the 
‘main fail relays’, the appropriate fail lamp being lit 
directly by an additional signal from the measurement 
section. The passing of the continuous tests is indicated 
by the lighting of the appropriate pass lamps just prior to 
the termination of the test sequence, i.e., after the con- 
tinuous tests have been completed. 

Due to the nature of the equipment under test, i.e., a 
system in which a failure of certain parameters may be 
catastrophic if allowed to continue indefinitely and in 
which few parameters are adjustable on site to convert a 
fail to pass, the philosophy adopted with this equipment 
was that a fail of any test, besides stopping the test, 
would also switch off the system under test. For the pur- 
poses of test and calibration of the test set itself, however, 
‘single shot’, ‘clear fail’ and ‘ override’ facilities have 
been included. When the ‘auto-manual’ switch is set to 
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addition to the pass lamp of the final test and a lamp 
indicating that the test run has been terminated. A fail 
during the sequence is indicated by the lighting of a 
prominent red main ‘fail’ lamp in addition to the appro- 
priate fail lamp indicating the unsuccessful parameter and 
the ‘test run terminated’ lamp. 

At the termination of the test run, whether successful or 
not, the equipment is reset by operating the ‘reset’ switch 
which initiates the necessary mechanism to connect the 
uniselector coils to their homing banks and removes the 
energizing supply from the other relays, thus restoring the 
equipment to its initial condition. 


Voltage Measurement 

The d.c. voltages from the missile power pack are checked 
by comparing them against precision references and using 
the ‘error signal’ to fire a ‘fail’ thyratron if the voltage 
under test is outside its permitted limit. 

A simplified circuit diagram of the voltage measuring 
unit is shown in Fig. 3. 

The voltage to be tested is routed on to the bottom plate 
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of C; via Ri and its corresponding reference to the top 
plate by the measurement selector mechanism. Conse- 
quently a voltage equal to the error is built up across this 
capacitor which is subsequently converted into a square 
wave by means of a chopper relay, A, and amplified in 
order to obtain a signal whose amplitude is sufficient to 
ensure reliable operation of the thyratron (V;). It will be 
appreciated that the thyratron is set to fire at a discrete 
voltage level and, consequently, it is necessary to ensure 
that the square wave is at this value when the voltage 
under test is at its limit. This is ensured by means of a 
potential divider (R,yRx) interposed between the cathode- 
follower (V:) and the two stage feedback amplifier (V2, V3) 
in which Rx, is chosen by the measurement selector 
mechanism to determine the limit of the voltage under test. 
Since the thyratron is set to fire with an effective ‘ error 
signal® of 0-25V, it can be shown that for a limit of L 
volts the value of the limit setting resistor is: 
R, 

Rx 4L oc (1) 

In the event of the fail thyratron being fired, informa- 
tion is fed to the sequence generator by contacts on relay 
B to stop the test sequence and light the appropriate ‘ fail ° 
lamp. 

It should be noted that Ri and C; form a low-pass filter 
to prevent any ripple that might be on the line under test 
causing any. appreciable error in the measurement. The 
d.c. restorer (V4) is used to double effectively the signal 
that is fed into the thyratron and to prevent any changes 
in the mark-to-space ratio of the chopper from modifying 
the fail level due to a change in the average value of the 


‘signal. 


The steady state output of the turbo-alternator and the 
l.t. lines of the power pack are measured by. converting 
the a.c. to d.c. by means of two detectors whose output 
is proportional to the average value of the input, and using 
the same measuring unit as is used for the d.c. lines. 

The necessary reference voltages are derived from two 
divider chains built up of 0-1 per cent precision wire 
wound resistors across the positive and negative 300V 
lines of a power pack which has a drift of 0-1 per cent 
per 1 000 hours. 

The voltage measuring unit is calibrated by feeding a 
0-5V reference voltage into the unknown terminal with the 
reference terminal connected to earth and adjusting the 
“set fail level’ controls until the thyratron fires, this being 
indicated by a pilot lamp lit via a pair of contacts on relay 
B. The average reading detectors are calibrated by feeding 
in a signal, checked by means of a dynamometer type meter, 
equal to the nominal output of the line in question and 
nulling the output of the detector against its reference. 
The positive and negative 300V lines of the reference 
power pack are set up by means of a precision grade ] 
moving-coil meter. 

In the event of the limit not being symmetrical, the 
reference is chosen to be equal to the average of the upper 
and lower voltage level corresponding to the limit values 
and the limit is made equal to the average of the upper 
and lower limit. 


Measurement of Resistance 

The value of an unknown resistance can be checked by 
means of the voltage measuring unit by measuring the 
voltage at the junction of a potential divider made up of 
two resistors with a 0-1 per cent tolerance with the lower 
limb shunted by the unknown resistor as shown in Fig. 4. 
The Thévenin equivalent circuit of this is shown in Fig. 5 
and hence it will be seen that the test voltage is given by: 
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V ok: 
= Be ne a (2 
eat ee 


Now if Rx has a fractional tolerance of x, the voltage at 
the junction when the resistance under test is at its lowest 
limit is: 


Vol — x)Rx 
@(min) = oer ee ee eee (3) 
ai Ss ee 
and when the resistance is at its upper limit: 
Vol + x)Rx 
Vy SS — , eee (4) 


nag Ri, + RA + x) 
and hence the reference against which the junction voltage 
must be compared is chosen to be equal to the arithmetric 
mean of equations (3) and (4) whereas the limit voltage is 
equal to: 


tN 





300V reference 
line (low impedance) 








Resistance 
under test 
Rx 
Fig. 4. Test circuit for resistance 
_ 300 Az yu, Rin 
Ke = R, + AR2 
Rx 
R, Ro 
Ria= R,+ R2 ° — -_* 


Fig. 5. Thévenin equivalent of test circuit for resistance 


R, and R: are chosen to obtain adequate sensitivity and 
it should be noted that R» provides a path to charge the 
‘error signal’ capacitor in the voltage measuring unit in 
the event of the resistance under test being open-circuited. 


Voltage Transient Measurements on Turbo-Alternator 

The transient response of the turbo-alternator voltage 
output is checked by instantaneously increasing the load 
and checking that the voltage recovers to the required 
values during each of two discrete time intervals after the 
application of the increased load. In addition, a check is 
conducted to ensure that the overshoot is not excessive. 

A simplified circuit diagram of the transient measuring 
unit is shown in Fig. 6. When the load is increased by. the 
control mechanism, a signal is simultaneously fed on to 
the grid of a thyratron (V;) and causes this to fire, thus 
generating a positive going step function at its cathode. 
This step function is then differentiated to provide a trigger- 
ing pulse to activate the cathode coupled monostable 
multivibrators (V;) in three similar channels. These multi- 
vibrators produce gate periods corresponding to the 
measurement period to feed on to the screen of a thyratron 
coincidence circuit. These thyratrons can only strike, how- 
ever, if a positive signal is simultaneously applied on to 
their grids. The grid input signal is derived by. clipping the 
negative peak to the turbo-alternator output voltage by 
means of a clipping circuit (MRi, MR:) whose clipping 
level is set to correspond to the test level. Thus a signal is 
only obtained from the clipper if the turbo-alternator out- 
put exceeds the clipping level. The clipped peak is then 
amplified and inverted by V; and will fire the thyratron 
coincidence circuit providing the gate is still open. It will, 
therefore, be appreciated that the thyratrons in the ‘ speed 
of recovery’ channels are fired by a ‘ pass’ signal, while 
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in the case of the ‘ overshoot ’ channel the thyratron is fired 
by a ‘fail’ signal. 

In the anode of the thyratron in each ‘ speed of recovery’ 
channel there is a relay with normally. closed contacts which 
are opened by the thyratron firing, whereas in the anode 
of the thyratron in the ‘ overshoot’ channel there is a relay 
with normally open contacts which can only be closed by 
the thyratron firing. 

The contact position of these relays are sampled at the 
completion of the test period and in the event of any one 
being in the closed position a stop action is initiated. 

In order to calibrate the unit an astable multivibrator 
is switched on which provides recurrent square waves 
which can be differentiated to provide a train of trigger- 
ing pulses to drive the gate generators. The gate lengths can 
then either be set up by means of an oscilloscope with a 
precision time-base, or a counter. The clipper levels can be 
set up by feeding a signal corresponding to the required 
level into the unit and adjusting the clipper level until the 
relevant thyratron fires, this being indicated by a pilot lamp 
operated by a pair of contacts on the relay in the anode 
circuit. 


relays A, B, C and D are those controlled by the screen 
currents of the Miller delays and are energized except 
during the period of the delay, and relay G is a slave relay 
of the contact under test which is energized when the con- 
tact makes and released when the contact breaks. 
The sequence of events in checking the make time of a 
contact then becomes as follows: 
(a) The delays controlling relays A and B are triggered 
by the reference event and contacts A: and B; assume 


the position shown. 
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A : by program- 
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Fig. 7. Typical test circuit for the programming switch 
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Programming Switch Measurement 

In order to check the timing of the programming switch 
it is necessary to ensure that the various contacts operate 
within the appropriate time intervals. Since the contacts 
operate relative to some other event either in the test set 
or the equipment under test, the technique adopted is to 
blank the measurement between the appropriate time limits 
and to sample the contact position by. means of relay 
operated comparison contacts at other times. The time 
intervals when the comparison contacts operate is con- 
trolled by Miller delays operating relays, the delays being 
triggered by the appropriate reference event or suitable 
time-associated event. The circuit arrangement for checking 
the make and subsequent break times of a representative 
programming switch contact is as shown in Fig. 7, where 
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(b) Delay A terminates: relay A re-energizes; relay E 
becomes energized by 50V via contacts A; and Bi; 
the blanking is applied by contact F2:; relay F 
becomes energized by 50V via R:i and contact Ei 
and is subsequently held by. contact Fi. 

(c) Delay B terminates; relay B re-energizes; relay E is 
released by the breaking of contact Bi; the blanking 
is removed by contact Eb. 

Thus, prov:ded that contact G: does not move across 
before contact E, opens and has moved across before con- 
tacts E2 closes again (contact F, having moved across in the 
interim) no path is formed for 50V to the grid of the fail 
thyratron and no fail is recorded. 

A similar sequence of events checks the breaking of the 
contact, the blanking period being set by contacts C; and 
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D; and relay F being restored to its initial position by con- 
tacts C, and D». In this case, however, since the operation 
of relay F is not directly. associated with that of relay E, 
it is necessary to choose relays to fulfil the following 
requirements : 


(a) That the make time of relay E is less than the short- 
circuit break time of relay F which ensures that 
contact FE, opens and applies the blanking before 
contact Fz moves across, and 

(b 


That the make time of relay F is longer than the 
Open-circuit break time of relay E which ensures 
that, when relay D re-energizes, relay E is released 
before relay F can re-energize via contact F). 

The apparent measurement inaccuracies due to relay 
make and break times are eliminated by. calibration tech- 
niques which measure the time lapse between the applica- 


cathode-follower (V«) in order to improve the linearity of 
the circuit and the sensitivity in the fail region’. 

The necessary harmonic of the rotary convertor is 
obtained by feeding the output into a half wave rectifier 
and extracting the required harmonic by means of a band- 
pass filter. A half wave rectifier is used because in the 
equipment being described the relevant harmonic required 
was an even one, and since a half wave rectified sine wave 
does not contain any odd harmonics the problem of filter- 
ing was simplified. The harmonic so obtained is then fed 
via a two stage feedback amplifier into the summing ampli- 
fier previously mentioned. 

The unit is calibrated by feeding a signal at the differ- 
ence frequency into the amplifier (V3) and adjusting the 
‘set fail level’ control (RV2) until the thyratron fires, this 
being indicated by the lighting of a pilot lamp via a pair 
of contacts on relay A. 


h.t. +250V 









CV4006 -~. 



































Missile 











at 


earth 





Fig. 10. Simplified circuit of the ripple measuring unit 


tion of 50V to the coil of the slave relay (i.e., relay G) 
and the operation of the blanking relay (i.e., relay £). 


Synchronism Measurement 

The synchronism between the turbo-alternator and rotary 
convertor is checked by ensuring that the difference fre- 
quency between the fundamental of the turbo-alternator 
and the appropriate harmonic of the rotary convertor 
output corresponding to the turbo-alternator fundamental 
does not exceed its permitted limit. 

A simplified circuit diagram of the synchronism measur- 
ing unit is shown in Fig. 8 from whence it will be seen that 
the output of the turbo-alternator and the harmonic of the 
rotary convertor output are added by means of a feedback 
summing amplifier (Vi) whose output is fed into a detector 
(V2) to obtain the difference frequency. The resultant signal 
is then fed via a filter and amplifier (V3) on to the grid of 
a bistable cathode coupled multivibrator (Vs) from whose 
anode is obtained a train of square waves whose recurrence 
frequency corresponds to the difference frequency. The 
square wave train is then fed into a ratemeter! (V5, Vz) 
whose d.c. output is proportional to the frequency of the 
input. This d.c. output is then compared against a d.c. 
reference by means of the thyratron comparator (V;) and in 
the event of the difference frequency being outside its 
permitted limit the thyratron is fired which in turn 
energizes relay A. The fail information is then fed via con- 
tacts on this relay to stop the test sequence and light the 
‘sync’ fail lamp. It should be noted that the diode (Vs) of 
the ratemeter is ‘boot-strapped’ to the output of the 
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Frequency Measurement 

The frequency of the turbo-alternator is measured by 
means of a discriminator centred on the nominal frequency 
of the turbo-alternator, which converts any error in fre- 
quency to a d.c. output which can be compared against d.c. 
voltages representing the upper and lower limits. 

As can be seen from the simplified circuit diagram of the 
frequency measuring unit (Fig. 9), the output of the turbo- 
alternator is first fed into a bistable cathode coupled multi- 
vibrator (V1) whose output is then fed into a low-pass filter 
to obtain a sine wave at the turbo-alternator output fre- 
quency whose amplitude is independent of the signal level 
of the input to the multivibrator. This limiter has been 
included because of the considerable difference in level of 
the turbo-alternator output and the calibration signal. The 
signal so obtained is then fed into a Foster-Seeley dis- 
criminator® (V2, V3), whose d.c. output is fed into two long- 
tailed pair comparators (V>, V:) via a filter and the diode 
gates (V;, V;), the purpose of the latter being to prevent the 
comparator grid returns from damping the discriminator 
output. 

In the event of the frequency. falling outside limits, the 
relevant long tailed pair comparator changes the state of a 
high speed relay in its anode circuit. The fail thyratron (Vs) 
is then fired by having 50V fed on to its grid by the con- 
tacts of the comparator relay. As a consequence, relay. D 
is energized and the relevant fail information is fed back 
into the sequence generator to stop the test run and light 
the ‘frequency’ fail lamp. 
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in addition to the steady state checks, certain transient 
tests are carried out on the frequency when the turbo- 
alternator has an instantaneous load change applied. These 
transient tests are normally carried out by allowing a 
relaxed limit for a certain duration after the load change 
and checking that the frequency recovers to within its 
normal limits during this time. It will, therefore, be appre- 
ciated that for a given reference level it is necessary to 
reduce the slope of the discriminator for the period that 
the relaxed limit is permitted. This is done by de- 
energizing relay A which then inserts damping resistors 
across the discriminator. 

The discriminator is adjusted on to its centre frequency 
by. inserting the output of a crystal oscillator into the fre- 
quency measuring unit and adjusting the discriminator 
tuning capacitance (C,) for zero output as indicated on a 





Fig. 11. Mechanical construction of the controller 


valve-voltmeter placed across the discriminator load. The 
comparators are set by noting the output of the dis- 
criminator when frequencies corresponding to the nominal 
fail values are fed into the unit and setting the ‘ reference 
level’ and ‘fail level’ controls $V above and below this 
level respectively. 


Ripple Measurement 

The ripple is measured by feeding it through an amplifier 
and using the amplified signal to fire a ‘fail’ thyratron in 
the event of the permitted fail level being reached. 

As can be seen from the simplified circuit diagram (Fig. 
10) the ripple to be measured is fed through two stages of 
feedback pairs (Vi, V2 and Vs, Vs) via an input transformer 
(T:) whose purpose is to isolate the power supply earth and 
measuring unit earth in order to minimize errors due to 
earth return currents. The feedback amplifierst® have been 
designed to be flat over the frequency band of interest and 
it should be noted that the input stage (V;) uses a reliable 
low noise, low microphony pentode to minimize errors due 
to these causes, the error due to microphony when the 
equipment is vibrated having been found to be particularly 
severe with normal valves. In the event of the ripple exceed- 


ing the permitted limit, the thyratron V; is fired and the 
closure of contacts on relay. B transmits the necessary fail 
information to the sequence generator. 
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It will be appreciated that the fail level is not identical 
on all lines and potential dividers are provided prior to the 
transformer to reduce all fail levels to that set up on cali- 
bration. In addition, the ripple that can be tolerated is 
dependent upon the frequency and hence it is necessary to 
include weighting filters in the form of low-pass and high- 
pass filters in the noise measuring channels. Where the 
weighting characteristic is common to all lines it has been 
included in the amplifier but, in the cases where different 
characteristics are required for the various lines, the filters 
have been included prior to the transformer and are chosen 
by the selector mechanism. 

In order to prevent any breakthrough from the chopper 
in the voltage measuring unit introducing an error on the 
ripple measurement, the ripple on any particular line is 
measured one position ahead of its corresponding voltage 
measurement. The lamp indicating which line has failed, 
however, is operated from the same mechanism as for a 
voltage fail. Hence the fail information is stored until the 





Fig. 12. Mechanical construction of a typical measuring unit 


line in question is prepared for voltage measurement when 
the fail mechanism is immediately operated. In this case, 
however, the ‘ripple’ fail lamp is lit in addition to that 
indicating which line has not met its specification. 

In order to calibrate the unit a signal corresponding to 
the normal fail level is fed into the unit and the ‘set fail 
level’ control adjusted until the thyratron fires as indicated 
by a pilot lamp being lit by a pair of contacts on relay A. 


Conclusions 

The article has demonstrated the basic principle of an 
automatic test set which is used to check the power supply 
of a guided weapon. The capabilities and potentialities of 
this type of equipment are shown by the fact that thirty- 
seven tests are conducted in sixty-five seconds with, at 
times, as many as five tests being conducted simultaneously. 
This automation has resulted in reduced test time, lower 
level of skill to carry out the tests and more consistent 
results, 
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Automatic Control of Distortion in Wideband Frequency 
Modulated Microwave Links 


By J. Tolman,* B.Sc.(Eng.), A.C.G.1, A.M.LE.E. 


This article discusses the problem of distortion generated in broad band frequency modulated 

microwave links by non-uniform group-delay characteristics in r.f. amplifiers, An experimental 

automatic equalizer correcting group delay slope is described and results obtained on a 600 
channel circuit are given. Methods of correcting higher orders of distortion are indicated. 


(Voir page 774 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 779) 


N the development of broad-band microwave systems 
carrying many hundreds of telephony channels by means 
of an f.m. carrier, it is found that one of the main sources 
of distortion is that due to a non-uniform group delay 
characteristic in any amplifier transmitting the f.m. signal. 
The distortion may arise in various parts of the system 


such as i.f. amplifiers, microwave filters, travelling-wave 


tubes, aerial feeders or as a product of disturbed propa- 
gation conditions. In general, suitable 


intermodulation and basic (thermal) noise in the various 
amplifiers. If 250pW, say, is allowed for basic noise for 
the whole 280km section, this leaves 860pW due to 


(a) Modem (modulator-demodulator) transfer non- 
linearity. 


(b) Group delay distortion in modem and five trans- 
mitter pairs. 





fixed equalizers can be inserted at 
appropriate points to correct for most 
of the delay distortion. At if., for 
instance, a combination of one or 
more all-pass delay. equalizers can 
provide the necessary characteristic. 


|= 


With extensive systems however, equipment 
the overall group-delay characteristic 
will change with time due to tem- ve. 2 


perature, mis-alignment etc. leading 
to a degradation of performance. It 
is desirable, therefore, to provide a means of ‘ mopping-up’ 
the distortion automatically if possible to avoid undue 
maintenance and testing. 


Before describing the means of achieving this automatic 
control it will be useful to determine the order of the cor- 
rection needed. 


Group-delay Requirements 


Any broad-band multi-channel system designed to con- 
form with C.C.LR. standards must not introduce more 
than a certain amount of noise into the circuit. For the 
purpose of specification the C.C.I.R. has introduced the 
fictitious reference circuit of 2 500km in length and carry- 
ing 120 channels or more. The reference circuit can nor- 
mally be divided into nine sections of 280km, each being 
terminated in a radio modulator or demodulator and asso- 
ciated channelling equipment (Fig. 1). 

It is laid down! that at a zero reference point in a chan- 
nel (300 to 3 400c/s) at the receiving terminal the noise 
power must not exceed 7 500pW (pshophometric) for more 
than 1 per cent of the busiest hour. The frequency trans- 
lating equipment is allocated 2 S00pW and thus 5 000pW 
can be assigned to the radio equipment. The maximum 
power which can be introduced by one 280km section is 
5000/9 = 556pW or 1 110pW if the noise is measured 
in a 0 to 4kc/s band with an unweighted quadratic meter. 

Taking an average radio path length of about 56km 
(35 miles) there will be four repeaters in the standard 
section. The noise power can be further sub-divided into 
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Allowing 70pW for (a) and 30pW for echo distortion in 
each feeder (10 in all), then 490pW remains for the rf. 
and i.f. circuits. It is necessary to separate the contribu- 
tion due to feeder echoes because as explained later these 
cannot be simply corrected. 

The allocation of power in the system is, of course, a 
matter for the designer, but the preceding treatment has 
been based on performances attainable with practical 
systems of up to 960 channels capacity. 


Distortion as a Function of Group-Delay 


The group-delay characteristic of a radio link (Fig. 2) will 
naturally be quite complicated, but, neglecting feeder 
echoes, the variation due to amplifier and filters etc. can 
normally be considered to be a combination of a linear 
slope together with a quadratic variation in the pass-band. 
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t; is the absolute value of the delay at the band centre and 
is of no significance in the calculation of distortion as it 
merely adds a time delay to the whole signal. 
t:/(B/2) is the linear slope normally expressed in 
mysec/ Mc/s 
t./(B/2)? is the quadratic curvature normally expressed 
in musec/Mc/s* 
B is the bandwidth of the system. 


It should be noted that although f. may be positive or 
negative, the curvature coefficient 73 is almost always posi- 
tive, i.e., there is a minimum of group delay near the band 
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Fig. 3. Amplitude intermodulation spectra (2nd and 3rd order) 
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Fig. 4. Intermodulation spectra due to group-delay distortion 
(2nd and 3rd order) 


centre. The pass-band B containing the region of interest 
depends on the capacity of the system, but has been esti- 
mated at 12Mc/s for a 600 channel system and 18Mc/s 
for 960 channels. 

For the purpose of specification and testing of multi- 
channel telephony systems it is convenient to represent the 
baseband signal by a ‘ while noise’ signal of suitable level 
and bandwidth. The method has been fully described else- 
where’. If the noise signal is applied to the input of a 
microwave system the output will consist of: 


(a) The original white noise or uniform power-fre- 
quency distribution signal. 


(b) Intermodulation noise due to non-linearity of 
modem transfer characteristic (amplitude dis- 
tortion). 


(c) Intermodulation noise due to non-uniformity of 
group delay in amplifiers and mismatched feeders. 


(d) Thermal or basic noise introduced mainly in the 
early stages of repeaters and amplifiers. 


The signal has a uniform power-frequency spectrum but 
the level of intermodulation and basic noise varies through- 
out the band. Fig. 3 shows the distribution of the ampli- 
tude distortion power plotted against f/f max where f max 
is the highest frequency of the baseband input signal 
(2:54Mc/s for 600 channels). Curves for the predominant 
24 and 3" order distortion powers d2 and d; in a channel 
centred on f are shown. It will be seen that intermodulation 
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power is at a maximum at the lowest frequency of the 
baseband. 


Fig. 4 shows similar distribution curves for noise due to 
group-delay distortion, d2’ being the second order distor- 
tion power in a channel arising from the slope coefficient 
tz, and d;’ the third order distortion due to curvature co- 
efficient t3. These curves can be obtained by multiplying 
the ordinates of the amplitude distortion case by w*. Here 
it is noted that intermodulation power is greatest at the 
highest frequency in the baseband, in fact, the maxima 
are reached above the traffic band at about 1:3fmax for de’ 
and 1-Sfmax for d;’. 


In practice it is found that noise due to group-delay dis- 
tortion and thermal noise usually exceeds that due to 
transfer non-linearity and thus the noisiest channel is the 
highest frequency one. It can be shown® that the second 
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Fig. 5. General arrangement of the 70Mc/s variable group-delay equalizer 


order intermodulation power d:’ in the highest frequency 
channel is 

wAfP 

MNT | ike acs dis eb Wins Sein 1 

SN (t2/(B/2)) (1) 

where w = 2zf2, Af = peak deviation of r.f. carrier, P is 

the total baseband power of the fully loaded system, N 

the number of channels and f2/(B/2) the group delay slope. 


Similarly the third order intermodulation power d;’ in 
the highest frequency channel is 


wAf'P ' : 
ean I Sissi tiimiaien’ (2 


where f2/(B/2)* is the group delay curvature. 


P as recommended by C.C.LR. is —15+10 log N, i.e. 
+13dBm at a point of zero level for 600 channels. The 
deviation for a channel test tone level of 0dBm is 200kc/s 
r.m.s. 

It was found that the maximum noise power due to 
group delay distortion in a five hop section was 490pW 
and assuming d2’=ds'=245pW, then equations (1) and 
(2) give a maximum permissible group delay slope of 
0-40musec/Mc/s and curvature of 0-5I1musec/Mc/s*. For 
960 channels the figures are reduced to 0-20mysec/Mc/s 
and 0:20musec/Mc/s*. If it is desired to increase still 
further the channel capacity, tolerances become even more 
severe. Since P = —15 + 10 log N, P/N is constant, Af oc 
VN and wOW (for N large). Hence from equations (1) 
and (2) for a fixed value of d.’ and d;’ 


t./(B/2) oc 1/N*" and t/(B/2)? oc 1/N? 





Method of Equalization 

From the previous discussion it can be seen that inter- 
modulation power due to phase non-linearity in a system 
is at a maximum above the highest frequency of the base- 
band signal. Accordingly at every 280km in the reference 
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circuit, this out of band signal is available as a measure 
of the distortion introduced by the preceding section. 
There is thus the possibility of utilizing the noise to con- 
trol automatically the setting of an i.f. equalizer inserted 
immediately before the demodulator. A_ suitable con- 
tinuously variable equalizer has been described by Hamer 
and Wilkinson’, 

As shown in Fig. 5 the 70Mc/s if. signal is divided 
equally by a splitting pad into two paths A and B, ampii- 
fied and combined in an output amplifier. If network A 
is a positive slope fixed equalizer and B a similar negative 
slope equalizer, then providing certain precautions are 
observed, the overall group delay characteristic can be 
varied smoothly between the limits set by the networks by 
controlling the gains of the amplifiers differentially. This 
control is most simply achieved by varying the bias volt- 
ages to the amplifier valves by a potentiometer. 

Fig. 6 shows the arrangeinent used to demonstrate an 
experimental automatic equalizer. The white noise signal 
simulating a fully loaded 600 channel system is applied 
through two band-stop filters to the modulator. The first 
filter inserts a loss of >80dB in a small band centred on 
the measuring channel of 2466kc/s. The second filter 
inserts a loss of >S50dB at 3-2Mc/s to remove any noise 
in the control channel which may remain due to the defi- 
ciencies of the low-pass filter in the white noise generator. 
The deviation at 70Mc/s is 875kc/s r.m.s. and no pre- 
emphasis is used. 

The 70Mc/s carrier is applied to the demodulator 
through two similar variable slope equalizers. In the first 
or error-inserting equalizer the slope can be pre-set manu- 
ally to any value between +1-0 and —1-Omusec/ Mc/s. In 
the second or controi equalizer, a 50c/s search voltage is 
applied to terminals 7:72 (Fig. 5) in the differential gain 
control circuit; the group delay slope and hence the in- 
termodulation noise due to the inserted delay distortion 
will vary at this rate. The noise power in a S50kc/s band 
centred on 3-2Mc/s is amplified, detected and the modu- 
lation envelope applied to one winding of a two phase 
servo-motor. The other winding of this motor is energized 
by a 50c/s voltage from the same source as the search 
voltage. The motor is mechanically coupled to the poten- 
tiometer which scts the mean slope of the equalizer. The 
50c/s component of the error signal will rotate the motor, 
with correct phasing in a direction such as to reduce the 
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Fig. 7. Intermodulation power with and without the automatic equalizer 


intermodulation power and hence the equalizer is finally 
set in a position giving minimum intermodulation power. 
- The advantage of using a motor control as against elec- 
tronic is that should the 50c/s voltage be removed at any 
time the equalizer is left at the optimum setting. The 
50c/s drive to the equalizer is adjusted until the inter- 
modulation noise in the 2466kc/s channel is increased 
just noticeably at zero-slope and thus there is a negligible 
degradation in performance. 

Fig. 7 shows the intermodulation measured at 2 466kc/s 
with and without correction as the slope introduced by the 
first equalizer is varied between +1-0 and —1-Omypsec 
Mc/s. The results are given as a noise power ratio (n.p.r.), 
i.e., the ratio of the noise powers in the measuring chan- 
nel when the 2 466kc/s band stop filter is switched from 
the ‘out’ to ‘in’ position. The n.p.r. is the most useful 
figure in evaluating the performance of a multi-channel 
telephony system; the channel signal-to-noise ratio may be 
obtained by adding 15dB to the n.p.r. A considerable im- 
provement is obtained with automatic correction and in pat- 
ticular if the equalizer is placed in the five hop section men- 
tioned previously,.the cumulative group delay slope can 
rise to at least 1-‘Omusec/Mc/s before performance is 

degraded below that esti- 
mated to meet C.C.IR. 



































































































































Fig. 6. General arrangement of the experimental automatic group-delay 
equalizer Reasonable agreement 
is shown with results cal- 
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The scheme* is outlined in Fig. 8. The general principle 
is the same as slope correction, but in this case it is neces- 
sary to generate two independent control signals. 

The torque generated in a two phase motor is propor- 
tional to the product of the reference signal and the con- 
trol signal. Thus, if the reference signal is A sin wt and the 
control signal B sin (wf+@), the torque T is proportional to 

T = AB Sin wt . sin (wt + @) 
= (AB/2) [cos 
and the non-pulsating component of the torque is 7. 
(AB/2) cos . The reference signal to servo motor (1) is A 
sin (wt+7/4) while the control signal to it contains two 


cos (2wt t @)) 


For long feeders of say, 100ft, echo delays of 200myusec 
are typical and thus the spacing is only 5Mc/s. If the 
system is to carry 960 channels, there will be more than 
three complete cycles across the working band. It is clear 
that a parabolic curvature equalizer will be quite unable 
to deal with this shape. Correciion of higher terms of the 
delay function would be possible with a_ transversal 
equalizer’ which can provide as many terms as needed in 
theory, but will be very complicated in practice. However, 
the introduction of ferrite isolators has mitigated at least 
in part the problem of echoes in long feeders. 


Conclusions 
The design and operation of a simple automatic group 

































































































































































components in phase quadrature B, sin (wt + «/4) and delay equalizer has been discussed and results show that 
SHE S.H.F. 70Mc/s 
AMPLIFIER MIXER 1.F. ] 
AMPLIFIER 
LOCAL 
OSCILLATOR 
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45° 
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Fig. 8. Block schematic of proposed slope and curvature correction equalizer 
B, sin (wt—7z/4). Therefore the steady torque has two com- such a device can give a worthwhile improvement in f.m. 


ponents: 
(AB,/2)cos((z/4) —(= 4)) and (AB: /2) cos((z/4) + (= 4))=0 


Thus each servo motor will respond to one control signal 
only, and the delay slope and curvature correction will take 
place independently. The curvature equalizer is similar to 
the slope, except thai in Fig. 5 network A is replaced by 
a fixed equalizer of approximately parabolic shape with 
maximum group delay at band centre, and network B is a 
cable of uniform group delay. Variation of the differentia! 
gain control thus gives an equalizer in which the curvature 
can be set from zero up to a maximum determined by net- 
work A. 


Further Development 


The preceding treatment has dealt only with the correc- 
tion of relatively simple group delay characteristics. In 
particular the delay of a link with aerial feeder echoes 
will show rapid changes across the band. The form of the 
characteristic due to a single strong echo is that of a sinu- 
soidal ripple, the frequency spacing between successive 
maxima being $7 where T is the feeder delay (one-way). 
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microwave systems. As systems of larger capacity carrying 
up to | 800 channels and colour television signals come 
into use, the principle of automatic correction will un- 
doubtedly become more attractive in order to maintain the 
extremely small tolerances in phase and transfer linearity 
required. 
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An Equipment for Measurement of Tool 
Cutting Forces 


By J. Goldberg* 


This article describes equipment developed for the sequential measurement of components of 
cutting force on lathe tools during machining operations. The force sensing elements are wire 
resistance strain gauges used in conjunction with a two-component force dynamometer. The 
measuring circuits are furmed from transformers with inductively coupled windings of 1:1 ratio 
supplying sets of gauges suitably connected. Each component of force is measured by a separate 
bridge circuit, the input and output circuit of each bridge being switched in the required sequence 
between a single a.c. driving source and a common detector. By this means the effect of switch 
contact resistance on the accuracy of the measuring loop is rendered insignificant. 


Phase sensitive detection is employed for observing the change in the resistive component of un- 
balance of the bridges, as well as the sign of the strain. 
The display system is a pen recorder which incorporates a device for raising and lowering the pen 
in order to share the recording time between the number of channels in use. 
Full-scale readings corresponding to forces of 2001b, 500lb, and 1 O00Ib, are provided, and the equip- 
ment can be readily calibrated by static loading. Records of cutting force obtained with the 
equipment are shown. 


(Voir page 774 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 779) 





} ba the investigation of metal cutting processes, a know- 
ledge of the force acting on the cutting tool during the 
actual machining operation is of basic importance. The 
magnitude and direction of the force when related to such 
factors as tool geometry, cutting speeds, workpiece mater- 
ials, etc., give an insight into the mechanism of the 
machining operation. 

A dynamometer is used to sense and measure the magni- 
tude and direction of the force. It usually consists of a 
framework to which the cutting tool is fixed and which is 
capable of very small deflexions in appropriate directions 
under the influence of a cutting load. 

Ideally, it is desired to measure the values of the various 
components of cutting force at the same instant of time. 
However, it is known that variations in cutting force during 
a cut are so slow that the forces can be regarded as quasi- 
static. The present equipment uses a single channel to 
sample the forces at the rate of three per second. 


The Transducer 

A typical dynamometer’, as used in a lathe turning 
operation to measure the tangential and axial components 
of cutting force is shown in Fig. 1. ‘It is in the form of 
an octagonal ring to which the tool is fastened and the 
complete arrangement is then clamped to the saddle of 
a lathe. 

A theoretical investigation of the ring shows that when 
tangential load is applied there are four points on the ring 
which are not strained, namely the positions marked A; 
similarly, when axial load is applied there are four strain 
nodes marked T (see Fig. 1). Resistance strain gauges are 
fastened to these nodal positions and it is found that if 
axial and tangential loads are applied simultaneously to 
the too] they can be measured with only slight cross-inter- 
ference (caused mechanically), by connecting the relevant 
gauges into two independent bridges. 


The Measuring System 

A schematic diagram of the measuring system as used 
with the two-component dynamometer is shown in Fig. 2. 
The two independent bridge circuits are sequentially 
switched between a single oscillator and a common detec- 
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tor, the forces and zeros of the apparatus being displayed 
by the pen recorder. 

The forces to be measured can reach 1 000lb in both 
directions, a typical value being 200lb. Preliminary in- 
vestigations showed that the strain sensitivity of the 


TANGENTIAL 
FORCE 














Fig. 1. Force measuring transducer 
dynamometer is about the same in both directions and the 
measured force-strain relationship is approximately 
F= 10, 
where e¢ is the strain and F is the force in pounds. 

The recorder and dynamometer together impose a limit 
of resolution of about 5 per cent of full scale, 200lb, on 
the most sensitive range. This means that a force of 
approximately 10lb has to be read corresponding to a 
strain of Iyin/in. 

With a gauge factor g = (8R/R)/e = 2°60, a change of 
resistance of SR = 3 x 10-2 in a 1200 strain gauge, has 
to be resolved. 
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It has been found that contact resistances in selector 
switches of the telephone type having nickel-silver contacts 
are much larger than 3 x 10-*Q and are very variable. 
Switching the complete bridge system in the manner 
described renders contact resistance variations insignificant. 


The Transformer Bridge Circuit 

The gauges corresponding to each force component are 
connected in series pairs, one pair in compression and the 
other in tension, and are arranged with parallel balancing 
resistances across the secondary of a transformer with 
inductively coupled windings of 1:1 ratio, as shown in 
Fig. 3. These windings provide bridge ratio arms of high 
stability and, because of their low impedance and the three 
terminal connexion, minimize the effects of capacitances 
to earth. 


100ke/s a 100kc/s 
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Fig. Z. Force measuring system 
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Fig. 3. Strain gauge bridge 


The resistive balance controls have about 70kQ in each 
arm and, while they provide sufficient adjustment for 
balancing the bridge, their effect on the gauge factor is 
negligible. This arrangement of strain gauges will yield 
the maximum sensitivity in the bridge and will provide 
some degree of temperature compensation when the 
gauges, surrounding bond and metal, have come to tem- 
perature equilibrium. 


The transformer primary is energized at 100kc/s to 
provide a suitable carrier for vibration and chatter modu- 
lation frequencies which lie in the audio band. These, 
if desired, can be viewed on an oscilloscope. However, 
when the equipment is used with a pen recorder, the higher 
frequencies are not displayed. 


EFFECTS OF TRANSFORMER IMPERFECTIONS 

The transformer bridge circuit may be represented by 
an equivalent form (Fig. 4) in which e; and e2 are voltages 
induced in the secondary windings, Li and L» are leakage 
inductances of each half winding, ri: and r2 the combined 
effects of transformer winding and connecting cable resist- 
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ances, C; and C2 the distributed capacitances to earth of 
the screened connecting cable, and R: and Rz are total 
strain gauge resistances. 


The voltages e: and e2 will differ from each other by a 
small amount since leakage flux from the primary may not 
link both halves of the secondary winding symmetrically. 
In addition, the leakage impedances on both sides will differ 
slightly. Thus, any reactive or resistive loading of the ratio 
windings will cause the two voltages applied to the strain 
gauges to differ in magnitude and phase by a small amount. 


The errors caused by these effects are constant for a 
given transformer and associated leads to the transducer. 
The most serious effect is that a bridge unbalance signal is 
produced in quadrature with that caused by changes in 
gauge resistance and may overload the phase sensitive 
detector. Careful construction of the transformer to 
equalize the leakage impedances will reduce this effect to 
a safe value. 


Bridge Details 

The transformer is wound on a 3B3 Ferroxcube pot 
core in which the air gap has been almost eliminated by 
grinding and lapping. 
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Fig. 4. Approximate equivalent circuit of bridge 


Primary: 65 turns of 29 B.S. enamelled copper wire. 
Secondary: 9 turns of 27/40 enamelled silk-covered 
litz wire. 


The secondary is bifilar wound on top of the primary, 
the latter winding being electrostatically shielded from the 
secondary. The strain gauges are of the bonded type 
having a d.c. resistance of 1200 and a gauge factor of 2°6. 
The bridge excitation voltage is approximately 0-65V per 
side at the secondary on the lowest range and thus the 
r.m.s. current in the gauges is less than 3mA in the arrange- 
ment adopted. This minimizes drift due to self-heating 
and gives satisfactory long-term stability. 


Oscillator 

The oscillator (Fig. 5) supplies an adjustable voltage for 
the bridges and a two-phase voltage for the phase sensitive 
detector. 


A Wien bridge, shown in the dotted square, is driven by 
two separate amplifiers Vi, the output being applied via 
buffer cathode-followers V2 across one diagonal of the 
Wien bridge. The bridge unbalance signal which appears 
across the opposite diagonal is applied to the amplifier 
input terminals. 

At a frequency f, ~ 1/27 RC, where Ro = 2R3 = R, Cz 
=C,/2=C, this bridge unbalance signal is real and in the 
same phase as the driving voltage. As the amplifier gain is 
high, the amount of unbalance required in the bridge to 
maintain oscillation is small. The thermistor element adjusts 
itself so that the above conditions are realized, e.g., if 
unbalance voltage in excess of that required to just main- 
tain the system in oscillation is applied to the amplifier 
input terminals, increased voltage will appear at the amplifier 
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output and be applied to the bridge. Increased dissipation 
in the thermistor will lower its resistance and will tend to 
restore the bridge unbalance to its former value. The 
oscillator output amplitude is largely independent of ampli- 
fier characteristics and depends mainly on the Wien bridge. 

The values of resistance and capacitance in the frequency 
dependent arms of the bridge are chosen to make the 
impedances of these arms equal at 100kc/s. 

Variations in oscillator output are mainly caused by the 
effect of ambient temperature on the thermistor. They are 
made small by enclosing the bridge circuit in a polished 
metal can and thermally insulating it from the chassis 


The circuit consists of two pentodes Vs, V; in a sym- 
metrical arrangement. The control grids of both valves 
receive the in-phase and quadrature components of the 
bridge unbalance signal. The suppressor grids are excited 
from the oscillator, the phase of the voltage at one sup- 
pressor being 180° out of phase with that at the other 
The sine waves at each suppressor grid are d.c. restored 
below earth potential by the diodes. The gain of the 
detector under these conditions is proportional to EF: cos @, 
where E» is the voltage applied to either suppressor grid 
and @ is the phase-angle between E2 and the input voltage 
to the control grids. Thus any voltage in quadrature with 
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Fig. 5. 


Amplifier and Phase Sensitive Detector 

The amplifier (Fig. 6) is conventional, consisting of two 
stages ‘V; and V2, which employ single tuned circuits and 
have the input matched to the source impedance of the 
strain gauge bridges, which is approximately 10092. The 
overall gain is about 12000 and the gain of each valve is 
to some extent stabilized by having the cathode resistors 
high in value and unby-passed. 

The bandwidth is approximately 2kc/s and is quite ade- 
quate to pass the modulation frequencies of the carrier 
and allow for drift in the oscillator frequency. Output is 
taken via a cathode-follower V3; and passed to a phase 
sensitive detector. This circuit, which is also shown in 
Fig. 6, has to sense the sign of the strains and to provide 
an adequate voltage swing to operate the pen recorder. In 
its output it must also reject the quadrature component of 
the bridge unbalance signal. 
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ST To SO-O-SOwA Meter 





100kec/s oscillator 


output terminals, provides a d.c. voltage swing of 60V 
for full scale deflexion of the recorder, the output being 
applied to the recorder via two cathode-followers V; and V; 
which drive the low impedance pen movement and produce 
damping. An output meter is also provided. 


System Stability 

The stability of the measuring system without the 
dynamometer was checked by disconnecting the strain 
gauges and deriving a small signal through an attenuator 
from the secondary of the ratio transformer and applying 
this to the amplifier input. The system output variation 
with time was recorded and was found to be +0-2 per cent 
of full scale over a period of three hours and was thus 
insignificant. 

Next, the stability of the complete system including 
ihe strain gauges was checked and was found to be +0-4 per 
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cent of full scale. This order of stability was obtained with 
strain gauges applied to the transducer with thermo-setting 
adhesive followed by several cycles of oven drying. To 
maintain this order of stability during a cutting test it was 
found necessary to remove the heat from the tool by circu- 
lating water through the tool shank (Fig. 11). 
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via 
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and the method used to display the force measurements 
will now be described. 

The bridge unbalance signals are the result of quasi- 
static cutting forces. This allows a relatively slow samp- 
ling technique to be used. 

The display system uses a pen recorder with the addition 
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Fig. 6. 100kc/s amplifier and phase sensitive detector 


Calibration 

The equipment is calibrated by applying known static 
loads directly to the tool shank by a moment method. The 
calibration is thus made independent of the value of the 
gauge factor. 

With a 200lb static load applied to the tool the full scale 
reading of the recorder is set by adjusting resistor R». 
shown in Fig. 5. The remaining ranges, 0 to 500Ilb and 
0 to 1 000Ib, are obtained by further attenuation. 


Switching and Display System 


As indicated in Fig. 2, each bridge circuit is sequentially 
Switched between a single oscillator and a common detector 
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of a relay to raise and lower the pen (Fig. 7). The chart 
moves in the f-direction and impulses in the relay coil move 
the pen vertically in the y-direction while the measuring 
system is being switched to the appropriate channel. This 
switching is performed by two synchronized uniselectors, 
and the vertical pen movement by a standard 3 000 type 
relay with armature slightly modified to carry a lever. This 
operates a chopper bar constructed to allow free move- 
ment of the pen in the x-direction as it is being raised. The 
chart record thus consists of a sequential series of small 
ink marks, as indicated in the figure. For the present 
purpose it was considered sufficient to switch channels at 
the rate of three per second. 
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Fig. 7. Arrangement of recorder and pen dropping relay Circuit Description 

The circuit is shown in Fig. 8(a), and 
idealized waveforms in Fig. 8(b). 

An astable multivibrator Vi generates 
timing waveforms (a) and (b) at each 
anode at the channel switching frequency. 
(3c/s). These are of equal mark-to-space 
ratio. The waveform (a) is passed via 
cathode-follower V2, and switch K; to Vs. 
In the switch position marked ‘con- 
tinuous ’, the waveform turns the current 
in V« on and off, operating and releasing 
the relay B in the anode circuit. In 
the released position a capacitor Cu is 
charged to —250V and in the operate 
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@ 
te channel at time 7: (Fig. 8(b)). 
() | | When the channel is connected by US; and US, the 
recorder pen moves and takes up a position ready to drop 
on the chart paper before switching to the next channel. 
It is desirable to delay the start of the pulse for operating 
the pen-dropping relay until the pen has overshot and re- 
turned approximately to its true record position. To 
perform this operation, the waveform (b) which is in oppo- 
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going pulses trigger a monostable multivibrator V3, thuspro- 
ducing the positive going pulses for vertical movement of 

the pen relay. 
For continuous operation the recorder pen switch K2 is 
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in the ‘raise and lower’ position, allowing the sequence of 
pulses to be passed to the valve Vs. 

The delay between the making of channel contacts at 
time 71, and the start of the relay drop pulse at time 7, 
is about 100msec. The drop pulse width, T; — T2 is chosen 
to give an optimum length of mark on the paper and is 
approximately 100msec. In conjunction with a chart speed 
of 4in/sec a satisfactory record is obtainable. 


Operation on a Single Channel 

If a continuous record of a single channel is required, 
key switch K; is in the ‘step by step’ position and key 
switch Ke in the ‘hold down’ position. For Ki the norm- 
ally earthed end of the resistor Ros is connected to Vs 
cathode, thus changing the anode current from a small 
value to a value sufficient to operate the relay B. The 
continuous waveform is disconnected during this operation 
so that only one channel can be switched for each opera- 
tion of K'. The same method is used to hold the pen- 
dropping relay A down and to disconnect the continuous 
sequence of pulses from the valve Vs. 


Arrangement of Selector Switches 
The switching is carried out by two synchronized uni- 
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Fig. 9. Arrangement of: selector switch contact banks 


selectors US, and US:, as shown in Figs. 8(a) and 9. 
Uniselector US; switches the 100kc/s carrier voltage to the 
primary side of the ratio transformers. The wiper arm is 
shown on contact number 1. In this position both trans- 
formers receive the carrier and 100kc/s current will flow 
through both sets of gauges. This is advisable in order to 
minimize warm up drift and make the equipment ready for 
instant use after an idle period. 

Uniselector US: is used to switch the detector arm of the 
bridges to the amplifier input. This switch is shielded from 
US; to prevent pick-up directly from the oscillator. On 
contact number 1 the amplifier input is earthed and a zero 
mark will therefore be registered on the chart. The re- 
maining contacts (Fig. 9) switch the two bridges sequentially 
and provide visual indication, by pilot lamps, of the parti- 
cular channel in use at a given instant or select a particular 
channel. It has been found advisable to short-circuit the 
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primary of the ratio transformer not in use at a given 
instant to prevent pick-up from the adjacent channel. 

To facilitate a rapid setting of both selectors to contact 
number | the homing arcs are used. In position 1, switch 
S; (Fig. 8(a)) applies —50V to both selectors through the 
interruptor contacts. In position 2 the selectors are ready 
for normal operation. This feature is important because 
the selectors tend to get out of step if operated with capaci- 
tor Cn not fully charged. The selectors may be brought 
into step rapidly by operation of S; and this state is shown 
by a pilot lamp LP3. 


Records of Cutting Forces 

A typical pen record taken with the equipment during a 
lathe-turning operation on steel is shown in Fig. 10. Each 
channel was first recorded separately and then continuously 
sampled in sequence. 
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Power Supplies 
The complete equipment uses an a.c. stabilizer on the 
mains input. The measuring circuits use a conventional 


rectifier and filter and a chain voltage regulator valves 





11. Transducer and bridge balance controls 


Fig. 
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Fig. 12. Electronic equipment and pen recorder 
to give 255V and 330V. The switching unit uses 


a separate supply with the 255V line regulated as above 
and an unregulated 400V line for the cathode-followers. 
Because of the pulsed nature of the load, the relay and 
uniselector circuit elements are worked from separate un- 
regulated h.t. supplies, having the values shown in Fig. 8(a). 


Constructional Details 
Fig. 12 shows the electronic equipment and pen recorder. 
The units are arranged as follows commencing from the 
top. 
(1) Oscillator and phase sensitive detector. 
(2) Inductive ratio transformers, uniselectors and de- 
tector amplifier. 
(3) Switching circuits, 
(4) Power supplies. 
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There is provision for extension to four channel working. 
All valves are mounted horizontally on chassis attached 
to the front panels. The top and bottom of the cabinet 
are covered with fretted steel, and with the bottom raised 
slightly above the bench the air circulation is adequate. 
Fig. 11 shows the dynamometer attached to the lathe. 
The dynamometer housing is sealed with rubber to prevent 
ingress of moisture. The external balancing resistors are 
contained in a box a short distance away to keep them clear 
of the lathe saddle when it is in motion. The coaxial cables 
connecting these units are protected with heavy, braided 
copper sleeving to prevent damage by metal turnings. 
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A Car Radiotelephone System 


A pilot car radiotelephone service in the South Lancashire 
area has been inaugurated by the Postmaster General. This 
service will enable users in the area whose vehicles are fitted 
with suitable radio equipment to make or receive calls from 
any telephone subscriber in the United Kingdom network. 

The system comprises two base stations, one at Liverpool 
to serve that area and the other at Winter Hill, near Horwich, 
to serve the remainder of the South Lancashire area. The 
latter station is augmented by auxiliary radio receivers in Man- 
chester to improve the service in the centre of the city. 

F.M. is used with equipment which is suitable for channels 
having carrier-frequency separations of 50kc/s, and the same 
characteristics as have been agreed for the v.h.f, international 
maritime services have been adopted. These include a maximum 
deviation of +15kc/s, pre-emphasis and de-emphasis of 6dB 
octave within the band 300 to 3 000c/s and frequency tolerances 
of +2 and +3kc/s for the base and mobile stations, respec- 
tively. The power of the base stations is about 35W (e.r.p.); for 
the mobile stations the power is restricted to 25W (e.r.p.) by 
licence but 15W is expected to be employed. Two-frequency 
channels are used in all cases; the base station operates on a 
duplex basis but the mobile subscriber has choice of simplex 
or duplex, the G.P.O, naturally preferring the latter. 

The frequencies being used in the first instance 
159 to 164Mc/s band. 

The four-wire radio circuits, i.e. the transmitting and receiv- 
ing circuits are extended from the base stations over land lines 
to Peterloo Exchange, Manchester, where they are converted 
to a two-wire circuit via radio terminal equipment for con- 
nexion to the public telephone network. This radio terminal 
equipment comprises apparatus to ensure full modulation of 
the radio transmitter, irrespective of the speech volume received 
from the telephone subscriber within wide limits. It will also 
give protection against excessive re-radiation of noise or signals 
from the radio receiver. 

In order to ensure a satisfactory signal to the telephone sub- 
scriber the radio receiver is set to operate on signals which 
have a signal-to-noise ratio of 25dB or better; it is not dis- 
connected until the signal-to-noise ratio drops to 15dB. The 
auxiliary receivers at Manchester are set to operate at a some- 
what higher signal-to-noise ratio and once operated they are 
connected to the telephone circuit in place of the Horwich base- 
station receivers. 

The coverage is qualified as primary and secondary service 
areas. In the former, service should be generally good, but 
there may be some locations of no-service due to local screen- 
ing. In the secondary area good service may be obtained on 
comparatively high ground and more generally in a stationary 
vehicle, perhaps at a selected site. The nominal service area is 
that which should obtain for 15W mobile station equipment 
in the mobile-to-base direction, in the reverse direction the 
range may be a little greater. 
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Wide-Band 


Analysis of 


Valve Phase-Splitting Circuits 


By L. J. Giacoletto* 


A phase-splitting circuit which is an electronic counterpart of a balanced output transformer has 
two outputs whose voltages are ideally equal in magnitude but 180° apart in phase. This ideal 
operation is realized at low frequencies. Interelectrode capacitances alter the output relations at 
higher frequencies, and it is this effect which is analysed nerein. Accurate as well as approximate 
design relations are developed and compared with measured data for a typical circuit. It is found 
that near ideal operation to moderately high frequencies can be obtained by using suitable equal 
load impedances. Performance can be improved somewhat by using slightly unequal load imped- 
ances including a small peaking inductor in the anode impedance. 


(Voir page 774 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 779) 


T is frequently necessary to transform from an unbalanced 

voltage to a balanced voltage. The operation of a bridge 
measurement circuit is an example. Here, either the signal 
source or the detector must be balanced. A wide-band 
balanced detector has been previously analysed’. ‘This 
article will analyse the wide-band operation of a phase- 
splitting circuit useful for obtaining a balanced signal from 
an unbalanced source. The circuit consists of a thermionic 
valve with load impedances in both the cathode and anode 
circuit as shown in Fig. 1. Since the circuit has two outputs, 
it is more difficult to analyse than the conventional single 
input-single output circuit; this is probably the reason why 
an analysis has not previously been published. Only small- 
signal (linear) operation will be considered. The effects of 
inter-electrode capacitances will be included. 

The low-frequency version of the circuit of Fig. 1 with 
equal load resistors is well known and often used in audio 
amplifiers. Only a triode is considered practical for phase- 
splitting circuits as current division in other multi-electrode 


valves would make exact phase division difficult even at 
d.c. 


Analysis 

A variety of methods can be used for analysis. The 
technique employed here is to carry out equivalent circuit 
transformations as shown in Fig. 2. In Fig. 2(a) the circuit 
of Fig. 1 is shown with the conventional = equivalent cir- 
cuit for the triode. By standard methods’ the = equivalent 
circuit can be transformed to a T equivalent circuit as 
shown in Fig. 2(b). The results are: 





Bac + joCr 

Ze = ; cc 

a joCea | 

RT re RS 3p 5. by. 6h oe (1) 
jwCec 

fa = ~ Ay | 

Zm = —(gm/Ay) 


where 
Ay = - a + CacCea + CeaCec) 

+ jo(gmCea + acCea + BacC gc) cece eeeee (2) 
Now, the cathode load impedance, Zen, can be combined 
with z. to form a composite T equivalent circuit of the con- 
ventional type with a single input and single output. The 
various circuit operations can then be formulated’. In 
particular, the grid current and the anode-to-grid and 





* Ford Motor Company, U.S.A. 
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cathode-to-grid voltage amplifications are: 


Za + 2% + Zen + Zan 


= Piieecn waeeae (3) 
I; D g 
(Zm oT Zen) Zan 
I ag ee SE ical (4) 
Van! Vso D 
VealVan = (-mtatee-  _... (5) 
where 
D = Ze(Za+ Zc + Zuat Zend + (25 T Zz. a) (Za - Zm+ Zan) eee (6) 


Fig. 1. Basic phase-splitting 
circuit 











Neutral, a 


For typical triode parameters and at moderate fre- 
quencies, Ay  joCsaZm with the result that equations (4) 
and (5) can be approximated as: 


-— - [ l — Kl+ RZ. n) (wCxa ‘2m)] SmZan (7) 
Van V gn — P D’ Poe 
Vea! Ven [l + j((Cee Cea) + &mZau) (wCeza Bm) ]8mZen (8) 
D 
where 
D’ = 


[ (ga. / 2m) so i(Ca IC za) (wCza/&m)] 
[1 yd om ‘Cen + 2n(Z. n +Zan)] 
+ [1 + Bu Zen | [1 +j((Czc 'Cza) + BnZan) oCeza/ @m] ee (9) 
At d.c. the above equations can be further simplified to: 


2 Ran 
Oe, | le a eee eee 10 
Van! Vien ~ (10) 
2, Re, 
on & Pate i hcle teen enie osama aed 11 
Val Von D’ (11) 
where 

L ’ = Lac / Bm (1 + (Cac/ Cea) + 2mRen + 2mRan) + ( + 2mRen) 

owas eaters (12) 


These last equations are the usual results applied to the 
phase-splitting circuit of Fig. 1. It is seen that for d.c. exact 
phase splitting will be obtained if Ran = Ren. At higher fre- 
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quencies exact phase splitting will in general no longer be 
obtained. 

For broad-band phase splitting, the question arises: what 
load impedances, Za, and Zon, will give the best broad-band 
operation? Clearly from equations (4) and (5), exact phase 
splitting will be obtained if: 


2m—Za—Zan = (Zm + Zo + Zen) Zan/ Zen eeee (13) 


One method of satisfying this equation would be to make 

Zana = Zen, |Zan| <Zm, zal < |zm|, and |Zel < |Zml. These con- 

ditions could be generally satisfied by choosing Ran= Ren < 

1/gm provided a large voltage amplification were not 

important. Suppose, as a compromise, Raa = Ren = 1/2m 

is chosen. Then the low-frequency voltage amplifications 
. Valve 





(a) 

















Fig. 2. Equivalent circuits 
(a) Conventional = equivalent circuit 
(b) T equivalent circuit 


would be about 4 (provided gac << gm). The ratio of the 
anode to cathode voltage, Van/Veu ~ 1 Z(2a — #) (provided 
Ces — Coa) where @ (radians) ~ 4wCea/ gm [provided @ < 1]. 
Thus, the first effect of higher frequency operation is to 
cause the phase-angle between Van and V.. to differ from 
180°. The magnitudes of Van and V<y are still approximately 
equal although not the same as their low-frequency values. 
The source impedance at the cathode is much smaller than 
at the anode, and for this reason small unbalances between 
cathode and anode load impedances will produce much 
Jarger unbalances in output voltages. 

If large voltage amplification is important, Ran = Ren > 
1/ 2m is required. For this choice of Zan and Zen, departures 
from exact phase splitting might be significant at relatively 
low frequencies. Some compensation for better frequency 
characteristics can be obtained by suitable design of Zan 
and Zen. Thus, using the approximation, Ay ~ jwCzagm, 
equation (13) becomes: 
fe wae 5) 
ee ee, y eee 

(1/gm) + i(1/wCea) (1/ 9m) +i /wCe) 
a itutacpie ater (14) 
If, now the arbitrary choice is made that 1 /Zon= Gen + jwCon 
then: 


Zan - 











1 / tSas (1 i r oC gc ! &m)) 
. (wl ‘ga / Gen)(2 - (G, li / 2m) aes (Con/Cea)) 
ent reer (15) 





wo Cal vn 
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If the w? term in the denominator is discarded as being 
negligible compared to unity, then Zn can be synthesized 
by a series R, and L, and the combination shunted by Can 
where: 


Ra = {1/ Gen) 
La = (Cgc/ Gen8m) 
Can = Cea ((Cen/ Cea) _ (Gen/ 2m) — 2) oe ona ee 


The peaking inductor, La, will usually be very small; Cen 
will have to be somewhat greater than 2Cga in order for 
Can to be positive. Can and Con will be approximately equal 
if Cea > Cza. 


Calculations 

Calculations of the wide-band performance of the phase 
splitting circuit are straightforward but lengthy. The results 
of calculations for a circuit using half of a 12AU7 tube 
with equal cathode and anode load resistors of 5k) are 
shown in Fig. 3. 
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Fig. 3. Calculated performance with equal resistance loads 


The valve is assumed to be operating with a floating 
heater supply and under standard conditions: Anode 
voltage = 250V; Anode current = 10-5mA; Grid voltage = 
—8-5V; and the valve parameters are as shown in Fig. 3. 
The low-frequency voltage amplification is 0-827; using 
equations (10) to (12) a voltage amplification of 0-820 is 
computed. The phase-angle of the anode-to-neutral voltage 
varies rather rapidly with frequency as compared to the 
cathode-to-neutral voltage. This result can be qualitatively 
explained by. the fact that the quadrature current introduced 
through Ran by Cea is about twice ‘normal’ value because 
Ven and Van are out-of-phase; in contrast the quadrature 
current introduced through Ren by Cz. is quite small since 
Vz, and V..» are in-phase. At higher frequencies both anode 
and cathode tend to be connected directly to the grid as the 
impedances of Cea and Cz, become small compared to Ran 
and Ren. This explains why although |Van/Ve.' does not 
vary much its phase-angle varies rapidly. and approaches 
zero at the highest frequencies. Since |Vin/Ve, is at the 
same time approaching unity, the normal gmV;. generator 
of the valve becomes inoperative. 

Figs. 4 and 5 show similar results for calculations carried 
out when Ray and R.» are both shunted by 3pF capacitors 
and I5pF capacitors. With 3pF shunting capacitors 
|Ven/Ven| increases but slightly at higher frequencies and 
then decreases. The phase-angle of |Vin/Ven| is now nega- 
tive in contrast with a slightly positive value in Fig. 3. With 
15pF shunting capacitors (Fig. 5), the amplitude variations, 
[Van/Ven| and |Ven/WVen|, are more nearly equal although 
differences in amplitudes occur at lower frequencies than 
in Fig. 4 and 3. The 3pF shunting capacitors (Fig. 4) repre- 
sents about the minimum shunting effect that can be 
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achieved when operating into a similar cathode-follower 
stage with the same value—1-5pF for grid-to-anode capa- 
citance, 1-6 (1 — 0-83) = 0-3pF for effective grid-to-cathode 
capacitance, and 1-2pF for stray capacitance. 

The circuit shown in Fig. 6 was used to obtain operating 
data. The summing measurement circuit was used to give 
A = |Var+Ven)/Veu| at its output. Measured results are 
shown in Fig. 7 for two load conditions of the phase- 
splitting circuit. For the uncompensated load circuit 
(La = 0, Ca: = Cu. = 3pF) the anode and cathode shunting 
capacitors were removed and the 3pF shunting capacitance 
arose from the summing measurement circuit and stray 
capacitance. The compensated load circuit (L, = 3-6uH, 
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Fig. 4. Calculated performance with equal resistance loads and small 
shunting capacitance 
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Fig. 5. Calculated performance with equal resistance loads and 
moderate shunting capacitance 


Can = 10-SpF, and C.., = 13-7pF) was designed in accord- 
ance with equation (16) and achieved by ‘ padding out’ the 
anode and cathode loads. The measured data indicates that 
A for the compensated circuit was about half that for the 
uncompensated circuit. However. both sets of méasurements 
were somewhat less than calculated values of A also shown 
in Fig. 7. Possible explanations for the discrepancy between 
calculation and measurement are: 

(1) Accurate measurements are difficult to carry out 
particularly at higher frequencies. The summing circuit was 
carefully balanced for zero output at lower frequencies 
Where an accurately balanced input signal was available. 
This balance was then assumed to hold at higher frequen- 
cies. The summing circuit Operates ideally only when 
exactly balanced. Any unbalance introduces degeneration 
and therefore likely. accounts for the smaller measured 
amplitudes. 


_(2) Calculations were not carried out for the compensated 
circuit. 
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(3) At higher frequencies the equivalent circuit should 
be modified to include lead inductance and transit-time 
effects. 

No measurements were made of the linearity of the phase- 
splitting circuit. Linearity should be reasonably good since 
the circuit is moderately degenerative. 


Conclusions 


If large voltage amplification is not important a simple 
phase-splitting circuit can be made effective over a wide 
range of frequencies by choosing load resistors which are 
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Fig. 6. Test phase-splitting circuit and associated summing 
measurement circuit 
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Fig. 7. Calculated and measured performance of combined cathode 
and anode outputs 


much smaller than 1/gm and assuring that the load impe- 
dances are equal. For best performance, the loading effect 
of subsequent circuits must be included into the cathode and 
anode loads of the phase-splitting circuit. Excellent use can 
then be made of a triode phase-splitting circuit as a balanced 
signal source in place of a balanced transformer for driving 
bridges and similar circuits. 


Acknowledgments 

The original analysis of the phase-splitting circuit was 
carried out by the author in 1952 while at the RCA Labora- 
tories, Princeton, N.J. The calculations were programmed 
on an IBM 650 computer by Philip J. Rosen. The measure- 
ments were carried out by William Duane. 


REFERENCES 


1. BARNeTTE, W. E., GIACOLETTO, L. J. Differential Amplifier for Null Detection. 
Electronics 28, 148 (August, 1955). 


2. Giaco.etto, L. J. Terminology and Equations for Linear Active Four- 
Terminal Networks including Transistors. RCA Rey. 14, 28 (1953). 


ELECTRONIC ENGINEERING 





AN AUTOMATIC CAMERA CONTROL 


By H. R. A. Townsend*, M.B., B.Ch. 


A miniature cold-cathode tube used to control a multi-contact relay forms a versatile unit with 
which to build a process controller. The cameracontrol described incorporates a simple delay cir- 
cuit, a synchronizing circuit and a remote firing circuit, as well as a binary counter also constructed 


with miniature cold-cathode tubes. 


It performs the relatively complex sequencing needed for fully 


automatic photography of traces displayed on a cathode-ray oscilloscope. 


(Voir page 775 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 780) 


= apparatus described is essentially a simple process 
controller, and is designed around miniature cold- 
cathode tubes and associated high impedance Post Office 
type 3 000 relays. 

In taking a photograph from the screen of a c.r.t. a cycle 
of operations has to be performed in the order as listed 
below. i 


(1) Open shutter. 


(2) Illuminate the face of an electromechanical coun- 
ter for a predetermined period. (The counter is in 
the field of view of the camera and records a 
serial number on each frame.) 


(3) Keep the shutter open for the exposure proper. 


(4) Switch on the beam brightness during a flyback 
blanking period. 

(5) Count a preset number of sweeps (1, 5, 10, 25, 50, 
100) or alternatively if the camera is operating 
in the continuous feed condition, i.e. with a 
stationary spot and moving film, to count a preset 
number of frames passing the aperture. 


(6) Switch off the beam brightness during a flyback 
blanking period. 


(7) Close shutter. 
(8) Advance electromechanical counter one digit. 
(9) Wind on film one frame. 


Three post office relays are used. Functions (1) and 
(2) are performed by the first relay; function (3) by 
the second relay; and functions (8) and (9) by the third 
relay. A pair of miniature high speed relays perform 
functions (4) and (6). Function (5) is performed by a 
seven-digit binary counter, consisting of a chain of bistable 
pairs of cold-cathode tubes. 

A fourth Post Office relay is used to set the required 
number into the cold-cathode tube binary counter, and 
pulls in during the resting period between cycles; counting 
is performed backwards from the set number to zero, i.e. 
the state of the counter at any time shows the number of 
sweeps which have yet to be recorded. 

Three remote contro!s are provided. A START button 
which initiates the cycle and is thereafter inoperative. A 
CANCEL button which is inoperative until a cycle has started 
but can cause closure of the shutter and a wind-on at any 
time during the cycle. A wait switch, which is a useful 
facility when adjustments have to be made in the middle 
of an exposure. In the waiting condition the beam bright- 





ness is turned off, and the binary counter ceases to operate, 
but holds the current count unchanged. 

A MASTER switch sets the type of photograph which is 
to be taken. Not only does the master control the number 
of sweeps or frames to be counted, but motor connexions, 
c.r.t. plate connexions, and c.r.t. brilliance level are all 
adjusted appropriately. (The latter pair of functions via 
relays in the oscilloscope.) 


Cold-Cathode Tubes 

The chief advantage of using cold-cathode tubes to pull 
in the relays lies in the comparatively small power required 
to trigger the tubes. Two types of tube are used, both 
miniature and of essentially similar characteristics. (See 
Table 1.) 


Yar t 
Yer Vin 
| 
(a) (b) | 
Earth potential isi 





Fig. 1. (a) Untriggered tube; (b) Triggered tube 


Referring to Fig. 1, the untriggered tube is subjected to 
the full h.t. potential (250 to 275V). Now if the trigger 
electrode, which in this state presents an input impedance 
of the order of megohms, exceeds a voltage of approxi- 
mately +150V, with respect to cathode (which is at earth 
potential), then a discharge will form causing the whole 
tube to become conducting. The tube now drops a voltage 














TABLE 1 
Comparison of the two types of cold-cathode tube used in the apparatus 
TYPE 1 | TYPE 2 
PARAMETER | (RELAY | (COUNTER) 
| ACTUATOR) | 
Max. H.T. Voltage | 310V | 310V 
Limits of Vin 121V 140V 
| 113V 95V 
Max. transient current 12mA | 9mA 
Recommended continuous 
current 3mA | 45mA 
Max. Mtr below which no tube | 
will fire | 137V | 110V 
Min. Vir above which all tubes | 
will fire 153V | 170V 








NOTE: Type 1 tubes have priming cathode and will function in the dark. Type 


* The National Hospital for Nervous Diseases. 2 tubes require a minimum of 5ft. candles incident illumination. 
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Vi approximately 115 to 120V across it and the current is 
determined by the cathode load resistor, the cathode poten- 
tial with respect to earth is now approximately + 150V. 


The Basic Relay Stage 

This stage is shown in Fig. 2. The trigger tube simply 
acts as a switch pulling in the relay when it is turned on. 
Immediately the relay has pulled in it holds on, via the 
normally open, contact, and disconnects the trigger tube, 
and all previously energized stages, via the normally closed 
contact. The slight complication of a ‘hold’ circuit is 
useful where a fairly heavy multi-contact relay is to be 
pulled in. Since the trigger tube only has to pass current 
for a short time a much smaller tube may be used than 
if it had to remain ‘ on’ passing the relay current for long 
periods. 

The use of a chain of contacts in the h.t. line might give 
rise to trouble if the number of stages were large, but it 
does have the advantage of being a simple and positive 
arrangement. Once a trigger tube has been switched on 
it can only be put out again by interrupting the h.t. supply. 
If the h.t. supply to a stage of this sort is restored at the 
same time as the ‘hold on’ circuit of the relay is broken 
then the large negative spike which will appear at the 
cathode due to the inductance of the relay is sufficient to 
re-trigger the tube even with the trigger electrode connected 


: 


h.t.+ 







Bios Pulse 





Fig. 2. Basic relay stage 


to earth or to cathode, unless special arrangements such 
as short-circuiting the spike with an appropriate diode, are 
made. The use of a chain of contacts not only gets over 
these troubles but also provides an ‘interlock’ ensuring that 
a new cycle cannot be initiated until the previous one is 
complete. 


Inputs to a Trigger Tube 


A very useful input to a trigger tube is the pulse plus bias 
combination. A +100V pulse and a +100V d.c. bias 
are used, as indicated in Fig. 2. If the bias resistor is 
returned to earth and a pulse applied via the capacitor the 
tube will not be triggered, because Vr will not have reached 
the critical value of >110V. Similarly the bias alone will 
not be effective but a pulse arriving when a bias is already 
present will produce a Vir of the order of +200V and 
will be effective. This system is used for the input to the 
first stage of the counter. A variant of the same system 
is used for waveforms such as those produced at the outpui 
of counter stages, this waveform can be considered as sup- 
plying both pulse and bias through the same line and the 
input resistance and capacitor are simply placed in parallel. 
(Fig. 4(b)). Fig. 4(c) shows a method of firing a tube by 
means of a remote mechanical contact. Closing the con- 
tact causes the trigger electrode to be connected to a poten- 
tial divider across the h.t. supply and so long as the result- 
ant potential exceeds the critical value of Vi, then the tube 
will fire. The advantage of this arrangement is that, when 
the mechanical contact is open the capacitance of the line 
to earth is isolated from the trigger electrode by a series 
resistor which may be made of the order of megohms so 
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long as the bias resistor is also large. Fig. 4(a) shows the 
circuit of a delay stage. The normally closed relay con- 
tact keeps the trigger potential close to earth until the 
contact is opened. The trigger potential then rises exponen- 
tially towards h.t.+ until the critical value of Vir is ex- 
ceeded when the tube will fire. The series resistor limits 
the trigger current to a safe value. 


The Binary Counter 

Fig. 3 shows a single stage of the binary counter. This 
consists of two tubes with a 0-1uF capacitor connected be- 
tween their cathodes. 

Suppose that initially both tubes are non-conducting. 
Now closing the contact marked ‘set count’ will fire the 
right-hand tube (Fig. 4(c)). The cathode potential of this 
tube will rise rapidly to +150V charging the 0-1F capaci- 
tor to this voltage. The tapping point on the cathode 
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Fig. 3. Single stage of binary counter 
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Fig. 4. Different methods of firing relay stage tubes 


resistor chain will rise to +100V. The stage is stable in 
this condition. The set count contact is opened and the 
counter is ready to operate. 

Assuming that the input has been at earth potential it 
now rises to +100V and the trigger of the non-conducting 
(left-hand) tube also rises to this voltage. The trigger of 
the right-hand tube (which is conducting) acts as a probe 
in the discharge and maintains itself at a voltage of about 
+170V but is effectively isolated by the large value series 
resistor. 

Now when the input rises rapidly to +200V it will 
again carry the trigger of the non-conducting tube up to 
this potential, causing the non-conducting tube to fire. As 
the cathode of this tube (left-hand tube) rises to +150V 
the inter-cathode capacitor will cause the right-hand 
cathode to rise by a further 150V to +300V (almost). This 
is equivalent to removing the h.t. from the tube, which is 
extinguished. The voltage on the cathode of the right- 
hand tube thus produced will die away with a time-constant 
determined by the value of the inter-cathode capacitor and 
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the cathode load resistance. This time-constant must be 
made of the order of 3msec in order to give the tube time 
to de-ionize. 

The voltage at the tapping point will rise from +100V 
to +200V providing the output pulse. The stage acts as 
a binary counter because each +200V pulse at the input 
causes a change of state, but a +200V pulse at the output 
is only produced when the right-hand tube extinguishes. 

The seven-digit binary counter is assembled on the tag- 
board at the top of the rack. Its h.t. supply is partially 
parallel stabilized and the counter which uses 20 per cent 
tolerance components works reliably in normal room light- 
ing so long as the h.t. voltage is maintained within +10V 
of the optimum value, determined by experiment as 240V. 

The maximum speed of the counter has not been checked 
as the maximum required in this application is only 100 


B which holds on via contact B; and unlatches relay A via 
contact B,. (As is now open again and the START button 
has no further control until the cycle is complete.) Con- 
tact B; is also opened and the capacitor C charges up 
towards h.t.+ at a rate determined by the pre-set delay 
resistor. Other contacts on relay B (not shown) open the 
camera shutter and light up the face of an electromechanical 
counter so that a photographic record of the serial number 
of the frame is made. The delay period times this exposure 
and also gives the oscilloscope amplifier time to settle down 
after the transient caused by the operation of the shutter 
solenoid in the camera. 

When the voltage across capacitor C exceeds the trigger- 
ing voltage of V; this tube conducts and relay C is energized. 
Relays A and B are now disabled. Relay C carries a con- 
tact (not shown) which takes over from relay B before that 
relay falls out and keeps the camera shutter open in readi- 
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Fig. 5. Circuit diagram of complete controller 
Note: Contacts on relays which are not essential to the sequencing of the 
controller are not drawn (e.g. contacts on relays 2 and 3 which energize 
the shutter solenoid in the camera) 


The Camera Control 


Turning now to the diagram of the apparatus as a whole 
(Fig. 5). With power off all relay contacts are in position 
as follows: B2, C2, B;, D2, and C, closed; C; to the left; Gu, 
F,, E; and E, up. So that when first switched on relay A will 
be energized and pull in. All the power supplies come via the 
camera, and the apparatus will not switch on unless the 
camera is correctly set and loaded with film. 

Contacts | to 7 on relay A are not shown on the diagram. 
They are the ‘set count’ contacts for the seven binary 
stages (see Fig. 3). The two way switch, determining 
whether the right- or left-hand tube will light, is replaced by 
a wafer on the master switch. 

The master switch is the large rotary switch in the centre 
of the rack (seen end on in Fig. 6). It is an 11-way switch 
with 12 wafers. Seven of these wafers each control the 
setting of one stage of the binary counter. 

Thus immediately the apparatus is switched on, a num- 
ber, depending on the position of the master switch is set 
up in the counter, and contact As is also closed. 

The start button may now be pressed, energizing relay 
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ness for the exposure proper. Contact C; is again a hold 
contact: contact C; disconnects the previous stages. Con- 
tact C; applies h.t. voltage to V2 and also a +100V bias 
to the first stage of the binary counter, provided that the 
‘run-wait’ switch is not switched to wait. For most appli- 
cations the binary counter is supplied with +100V pulses 
generated in the c.r.o. at each flyback and reference to Fig. 
7 will explain the course of events. 

It is assumed that five sweeps are to be superimposed on 
the film and the binary counter is initially set to the binary 
number 5 or 101. The first flyback pulse to arrive after 
the bias has been connected turns over the input binary 
stage and the pulse generated (in this instance at the cathode 
of the left-hand tube—ringed—) is arranged to light V2. 
Relay G which is a small high speed relay in the cathode 
of this tube pulls in and switches on the oscilloscope brilli- 
ance, so that subsequent sweeps are photographed. Thus 
during the first sweep the counter displays 100 (binary 4). 
V2 (the centre tube) forms a convenient ‘brilliance on’ 
indicatio.::. Note that the run-wait switch is in parallel 
with the contacts of relay G. In this oscilloscope the 
brilliance is turned off by earthing the brightness control 
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line, so the run-wait switch both prevents the counter from 
counting flybacks and also prevents the uncounted sweeps 
from being photographed. This facility is very useful if 
adjustments have to be made during a long run of 50-or 
100 sweeps. 

As previously explained a carry occurs in the counter 
everytime that the right-hand tube of a pair is extinguished. 
Now during the 5‘ sweep the binary counter shows all 
zeros 0000. The flyback pulse occurring at the end of the 
5‘. sweep causes a carry to run right along the line setting 
the stages to 1111 and extinguishing the right-hand tube of 
the last stage. This pulse—ringed—is the final output pulse 
which triggers V3. 





Fig. 6. A rear view of the camera controller 


Contact C, is of course open at this time. This contact 
has the function of preventing inadvertent triggering of Vs: 
either by pressing the CANCEL button instead of the START 
button or by causing a general carry while altering the 
number set up in the counter. The CANCEL button is of 
course used in order to terminate a long count prematurely 
if desired. 


The master switch is illustrated with three possible posi- 
tions: The first (as drawn) corresponds to ‘single shot’, 
i.e. counter set to 0000001, so that V; is triggered after only 
a single sweep. The second position shown corresponds 
to ‘superimpose’. In the present apparatus 5, 10, 25, 50, 
or 100 sweeps may be superimposed. The same brilliance 
level is used in all these cases, and corresponds to the mini- 
mum brilliance at which a trace will just register on the 
film. The brilliance is altered at these positions by a relay 
in the oscilloscope actuated by a spare wafer of the master 
Switch. 


The third position corresponds to ‘continuous feed’. In 
this condition the oscilloscope time-base is disconnected 
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leaving the spot stationary in the centre of the screen. This 
again is done by means of a relay in the oscilloscope. The 
film transport motor is made to run continuously while 
relay C is energized by the normally open contacts C; in 
series with the contacts on the master switch. The norm- 
ally closed contacts C; open and prevent relay E (an a.c. 
relay in the camera, see below) from being operated in this 
condition. The counter is also switched by the master to 
count frames of film, instead of flybacks, via a small pulse 
transformer and settings are provided to count 8, 16 or 
32 frames. 

In all cases when the count is exhausted V3; is triggered. 
Both relay D and the high speed relay F pull in together. 
A high speed relay is used to shut off the brightness be- 
cause, in some instances if the flyback and waiting time are 
short, part of a further sweep may be recorded before relay 
C has unlatched. Contact D,; is again a hold contact and 
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Fig. 7. Waveforms diagram to show relative timing 





D, disconnects previous stages. Note, however, that the 
counter has its own h.t. supply and is unaffected. Contact 
Dz; causes the frame feed motor to start running. A further 
contact on relay D (not shown) causes the mechanical 
counter to advance one step during the wind on. 

After about 4 turn of the frame feed shaft a microswitch 
closes, and energizes relay E—an a.c. relay in the camera— 
contacts on this relay E; close and keep the motor running 
until the microswitch opens again. Meanwhile, contacts 
E, open and break the main h.t. negative line, resetting the 
apparatus to its initial state. 


Conclusion 

The apparatus has been in routine use in the form shown 
in the photograph for the past twelve months. It has 
behaved reliably and required no maintenance. 
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The Electronic Simulation of the Load 
Applied to an Insect Muscle 


By K. E. Machin*, M.A., Ph.D., A.M.LE.E. 


Certain insect muscles when suitably loaded contract rhythmically; the oscillation is largely con- 

trolled by the mechanical parameters of the load. An apparatus has been developed in which the 

mass, viscosity and stiffness of the load are simulated electronically, and can therefore readily be 

varied. The relation between force and length jor an oscillating muscle can be displayed on a 

cathode-ray tube, while the frequency of oscillation and power output are presented on meters. 

The apparatus can also be used for direct measurement of the mechanical impedance of a muscle 
as a function of frequency. 


(Voir page 775 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 780) 


ORMAL muscles when stimulated electrically give one 
transient contraction or ‘twitch’ for each electrical 
impulse; as the frequency of the stimulating impulses is 


increased these twitches fuse into a steady contraction or” 


‘tetanus’. The wings of many insects are operated by 
muscles carrying out a series of twitches; in the motor nerve 
feeding the flight muscles there is therefore one electrical 
impulse for each wing beat. In certain insects, however, 
the motor nerve impulses are quite asynchronous with the 
wing-beat, and often of much lower frequency. The wing- 
beat frequency is then governed by the mechanical reson- 
ance of the wing system; the flight muscles when stimulated 
appear to be able to excite mechanical systems into oscil- 
lation over a wide range of frequency. In electrical analogy 
terms, when the ‘circuit’ (muscle) is ‘switched on’ 
(stimulated) its output impedance has a negative resistance 
term which can set into oscillation a ‘tuned circuit’ 
(mechanical resonant system) to which it is connected. 

In the investigation of the properties of these ‘ fibrillar 
muscles’ it was necessary to find how the amplitude, 
frequency etc. of the oscillation depended upon the para- 
meters of the mechanical load, such as its mass, stiffness 
and viscous damping. Early experiments! were carried out 
using physical masses and springs, but it became clear that 
if adequate information were to be obtained during the 
time that the muscle preparation remained fresh (a few 
hours) some rapid method of varying the mechanical para- 
meters of the load would be necessary. An apparatus was 
devised in which the mass, stiffness and viscosity of a load 
could be simulated electronically, and varied rapidly by 
potentiometers. 

It was thought worthwhile in the present article to 
describe in some detail this apparatus and the ancillary 
units used with it, for the following reasons. 

(1) The simulation of all three parameters of a mechani- 

cal load is believed to be novel. 

(2) Certain unusual features in the use of mechano- 
electrical transducers are involved. 

(3) The apparatus illustrates one definition of experi- 
mental zoology, as a subject in which ‘...the size 
of the apparatus exceeds by several orders of mag- 
nitude that of the animal.’ 


The Simulation of Mechanical Parameters 
The muscle is attached to an electro-mechanical trans- 


* Department of Zoology, University of Cambridge. 
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ducer which produces a force proportional to the current 
supplied to it (Fig. 1). To this is mechanically connected a 
mechano-electrical transducer giving an output proportional 
to displacement. This voltage is differentiated twice to pro- 
duce ‘velocity’ and ‘acceleration’ voltages. Three poten- 
tiometers select fractions of the displacement, velocity and 
acceleration voltages. These fractions are added together 
and a current proportional to their sum is supplied to the 
electro-mechanical transducer. 
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Fig. 1. Simulation of mechanical parameters 


Hence the force which this transducer exerts can be 

expressed as: 

F = A (d@x/dt*) + B(dx/dt) + Cx 

where A, B and C are constants depending on the potentio- 
meter settings. This equation is identical with that which 
describes a combination of mass A, viscous damping B 
and a spring of stiffness C; the shaft of the transducer will 
therefore behave in exactly. the same way as such a com- 
bination of mechanical quantities. 

It is also possible to make any of the constants A, B,C 
negative; the resulting negative values of apparent mass, 
viscosity and stiffmess can cancel out the mass, viscosity 
and stiffness of the electro-mechanical transducer, or indeed 
of the muscle itself. 

The apparent mass presented by the transducer shaft, 
while possessing normal inertial properties, is o* course not 
subject to gravitational attraction. 
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TRANSDUCER HEAD AND PREPARATION MOUNTING 

The electro-mechanical transducer is a moving-coil 
vibrator (Goodmans type V47, 3000). Attached to its 
output shaft is a photo-electric displacement transducer, 
described below. The mountings of these two transducers 
must be exceedingly massive and rigid as otherwise spurious 
oscillations may occur at one of the resonant frequencies 
of the mounting. The mounting shown in Fig. 2 was 
originally used, but has now been modified so that the 
transducers are clamped directly on to a 12kg block of 
iron. 

The insect under study is impaled by. two needles into a 
universally mounted holder. A piece of 0:0024in Nichrome 
wire is tied to the end of the muscle under investigation, 
and connects it to the vibrator shaft. 

The preparation holder is mounted on a mechano- 
electrical transducer (described below) which measures the 
force applied to it, and hence to the muscle. 
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Fig. 2. Transducer head and preparation mounting 
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Fig. 3. Photo-electric displacement transducer 


PHOTO-ELECTRIC TRANSDUCER 


The light from a 6V, 0-3A bulb is focused by a small 
lens on to the end of an OCP71 photo-transistor; the lens 
is masked to have a rectangular aperture. Immediately in 
front of this aperture moves a stiff vane made of electron 
metal, which is attached to the output shaft of the moving- 
coil vibrator. The movement of the vane thus causes a 
change in the current of the photo-transistor. The arrange- 
ment is shown diagrammatically in Fig. 3. 

Early attempts to use this system were frustrated by non- 
linearity of response and by temperature drift of sensitivity 
and mean current. It was not at first clear whether these 
effects were occurring at the photo-junction or in the tran- 
sistor amplification process; if the latter, then improvement 
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might be obtained by. applying negative feedback. Accord- 
ingly a calibration of the OCP71 with and without feed- 
back was carried out with the aid of a point source of 
light, an optical bench and the inverse square law. Fig. 4 
shows that with feedback both linearity and temperature 
stability are greatly improved, at the expense of a corre- 
sponding loss of sensitivity. 

The circuit finally used (Fig. 5) incorporates negative 
feedback; by varying the degree of feedback the sensitivity 
of the transducer can be set to a standard value. Push-pull 
output is provided. Fig. 5 also shows the simple stabilizing 
circuit used to feed the lamp. 
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Fig. 4. Performance of photo-transistor with and without feedback 
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Fig. 5. Photo-transistor circuit and lamp stabilizer 


DIFFERENTIATING CIRCUITS 


The potentiometers which set ‘mass’ ‘viscosity’ and 
‘ stiffness ’, together with the circuits between them and the 
driving amplifier, are shown in Fig. 6. Vi acts as a feed- 
back differentiator fed from the ‘mass’ control, and as a 
straightforward feedback amplifier fed from the ‘ viscosity ’ 
control. The output from Vi is fed via C; into the very 
low (~3002) input impedance of the driving amplifier; a 
further differentiation thus occurs. Each differentiation is 
sufficiently accurate that less than 1° of spurious phase 
shift is introduced at all frequencies below 300c/s. The 
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‘ stiffness ’ control feeds through R: directly into the input 
of the driving amplifier; the two resistors associated with 
the control neutralize the d.c. component at the output of 
the photo-electric transducer. A manually variable current 
(‘ force ’) is also fed into the driving amplifier. 

The ranges of the controls are as follows: 
mass, —4 to +30 grams; viscosity, —4000 to +5000 
dyn/cm sec™; stiffness, 0 to 2 x 10°dyn/cm. 


+300V 




























in addition its compliance must be very low, as otherwise 
unrecorded changes in the length of the muscle could 
occur. A barium titanate piezo-electric transducer was 
finally chosen; the unit used (G.E.C. type S.P.1100, force 
applied along long axis) had a compliance of a less than 
10-“cm/dyn. The combination of transducer and specimen 
holder had a resonant frequency of about 5kc/s. 

However, a piezo-electric transducer has a frequency 
response which does not extend down to zero; the cut-off 
frequency depends on the resistive load on the piezo- 
element. It was essential in the present application to have 
a measure of mean muscle force as well as the oscillating 
component, and so response to zero-frequency force was 
necessary. This was achieved as follows. 

At low frequencies the current in the vibrator is a true 
representation of the force which it exerts. Some of this 
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Fig. 7. Driving amplifier 


DRIVING AMPLIFIER 

The amplifier which drives the moving-coil vibrator is 
shown in Fig. 7. It is designed to produce a current in 
the vibrator which is an amplified version of the current 
fed into the input terminal. The current gain is 5000 over 
the frequency range 0 to 1kc/s; the phase shift below 
200c/s is less than 1°. Due to the heavy negative feedback 
the input impedance is very low—1kQ at zero frequency, 
falling to 3000 at 100c/s. 


Force TRANSDUCER CIRCUIT 


To avoid phase-shift in the force transducer system, its 
resonant frequency must be well above the working range; 
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Fig. 8. Force transducer circuit 


ment. Thus if a voltage proportional to vibrator current is 
suitably mixed with a voltage representing displacement, 
the resultant voltage is a measure of the force exerted by 
the vibrator on the external load. Such a voltage is only 
a true representation at low vibration frequencies; at higher 
frequencies some of the force is needed to overcome inertia 
and damping. On the other hand the output of the piezo- 
electric transducer represents force accurately only at high 
frequencies. By mixing the two voltages, an output truly 
representing force at all frequencies from zero to near the 
transducer resonance can be obtained. 

It will be seen from Fig. 8 that the 1.f. compensating 
voltage is fed into the bottom of the grid resistor of the 
valve following the piezo-element. The transducer output 
reaches the grid through the high-pass filter C2R2, while 
the compensating voltage is applied through the low-pass 
filter ReC2. The sum of the two voltages is thus a frequency- 
independent measure of force. 

An alternative explanation of the operation of the circuit 
can be framed in the following terms. When a force is first 
applied to the transducer, a voltage appears across it. The 
charge tends to leak away via Re, but before appreciable 
charge has dissipated the lower end of R2 is brought to the 
same potential as its upper end. No further discharge 
current flows. 

The ‘ crossover frequency.” is arranged to be about Ic/s. 


CATHODE-RAY TUBE DISPLAY 
The voltage from the ‘force’ output, suitably amplified, 
is fed to the Y plates of a c.r.t., and the ‘ displacement’ 
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standing emission and for 
setting the instrument against 
a known frequency. The 
upper two ranges are not 
used in the present experi- 
ments. 


zero POWER METER 


This instrument (Fig. 10) 
displays the mean power out- 
put of the muscle when it is 
driving the resonant load. It 
is based on a_ twin-coil 
dynamometer movement, the 
coils being driven by ampli- 
fiers with heavy current feed- 
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output is similarly fed to the X plates, The tube, which 
thus displays a plot of tension against length, is photo- 
graphed. The relation between tension and length for the 
unstimulated and stimulated muscle can be photographed 
point by point by varying the ‘force’ control. When the 
muscle is oscillating, the spot on the screen traces out an 
approximately elliptical path once per cycle; the area 
within the ellipse represents the work done by the muscle 
per cycle. 


SETTING-UP PROCEDURE 

After an initial warming-up period, the photo-transistor 
feedback control is adjusted, with the driving amplifier off 
and no mechanical load on the vibrator, so that the voltage 
at the ‘displacement’ output has a standard value. The 
sensitivity of the displacement transducer is thereby stan- 
dardized. The driving amplifier is switched on and the 
‘suspension stiffness compensation’ control adjusted until 
no movement in the ‘force’ direction is seen on the c.r.t. 
display as the vibrator is moved up and down with the 
‘force’ control, A dummy muscle, such as a length of 
rubber, is now mounted on the ‘h.f./1.f. force balance’ 
control adjusted until sudden movement of the ‘force ™ 
control produces a movement of the c.r.t. spot which 
is free from overshoot or under- 
shoot. 


"Setrange a back. One amplifier is fed 

™ with a voltage from _ the 

‘force’ output, while the 

other receives the ‘ displace- 

ment’ output after dif- 

ferentiation by C3:R3. The 

meter thus reads the mean 

value of force times velocity, i.e. mean mechanical power 
output. 


Direct Measurement of the Mechanical Impedance of the 
uscle 

It was clear from ‘free oscillation’ experiments’ that 
not only was the power output of the muscle a function of 
the frequency, but that its apparent stiffness also varied 
with frequency. In other words, the mechanical impedance 
of the muscle had real and imaginary parts which were both 
frequency-dependent. Provision was therefore made for 
measuring directly the mechanical impedance of the muscle 
at various frequencies. This involved varying the length of 
the muscle sinusoidally and measuring the resulting force 
in both amplitude and phase. 


CIRCUITS FOR DRIVEN OSCILLATION 

The natural frequency of the vibrator was about 10c/s, 
making it impossible merely to drive it directly from an 
oscillator. Instead, displacement feedback was applied (Fig. 
11) to the input of the driving amplifier, and a small alter- 
nating current injected from an oscillator. The feedback 
was equivalent to a very high setting of the ‘stiffness ’°— 
about 100 times the full scale of the normal control. This 


Fig. 10. Power meter 


+HlOV 





Ancillary Units 

In addition to the cathode-ray 
tube display two other output in- 
dicators are provided. Firstly, the 
frequency. of oscillation is indicated 
on a meter. Secondly, a direct meter 
presentation of mean power output 
of the muscle is available; this is 
particularly useful in finding the 
optimum conditions for oscillation. 
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The design of the frequency 
meter (Fig. 9) is conventional. The 
input waveform is squared twice, 
the excursion of the second squarer 
anode being defined by a catching 
diode and two neons. The squared 
Output feeds a diode pump with 
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raised the vibrator resonant frequency by a factor of fifty 
to about 500c/s, and gave its shaft an apparent stiffness 
of about 10°dyn/cm (100kg.wt/cm). The muscle could there- 
fore be driven sinusoidally. in length at any frequency up 
to 250c/s, the drive having a very high mechanical 
impedance. 

The capacitor C, stabilizes the feedback loop, while C 
is chosen to minimize the high-frequency phase shift 
between oscillator voltage and displacement. It is then 
possible to set the phase shift éxactly to zero at, say, 250c/s 
with the ‘mass’ control, which provides variable second 
differential feedback. 

The oscillator used is part of the Solartron ‘transfer 
function analyser’, the other unit of which is a phase- 
sensitive voltmeter displaying directly the components of 
its input which are in phase and in quadrature with the 
oscillator. Thus if this phase-sensitive voltmeter is fed from 
the ‘force’ output, it will display directly the elastic 
and viscous components of the force. The real and 
imaginary components of the mechanical impedance follow 
immediately. 


Conclusion 

The apparatus described was designed, or more accurately 
it evolved, as a tool for a particular research project. It 
is hoped that the multiplicity of pre-set controls, valve 
types and power supplies can therefore be excused. How- 
ever, one point of sound design is claimed: every valve 
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Fig. 11. Circuit arranged for driven oscillation 


and transistor in the circuit is within at least one feedback 
loop. 
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A Prototype Electronic Telephone Exchange 


An experimental electronic telephone exchange is now under- 
going exhaustive tests at the Post Office Research Station at 
Dollis Hill, London. When these tests have been completed, 
equipment for about 1000 lines will probably be installed 
within two years for the public exchange at Highgate Wood, 
in North London. 

The introduction of electronics to telephone exchange design 
is expected ultimately to reduce initial cost, provide smaller 
and less equipment which will need less space in buildings, and 
give greater reliability because of the virtual absence of moving 
parts. 

Although this experimental model is not built as a public 
exchange, it does provide facilities for telephone calls within 
the Research Station and also into the London public telephone 
system. It will be used to prove the principles involved in 
designing electronic exchange systems. 

As early as 1955 it was realized that a very big research and 
development effort would be required to apply electronic tech- 
niques to telephone switching and provide an effective answer 
within a reasonable time. 

So in 1956 the five principal manufacturers of telephone 
exchange switching systems and the British Post Office decided 
to set up a Joint Electronic Research Committee (J.E.R.C.) 
under the chairmanship of Sir Lionel H. Harris, K.B.E., T.D.. 
Engineer-in-Chief of the Post Office. 

In pooling their research and development resources, the six 
organizations making up the Committee decided to undertake 
long-term studies on the best system to be employed and also 
to obtain practical experience in designing and operating 
exchanges using electronic equipment. 

The experimental exchange at Dollis Hill will help in 
furthering both objects. Each member organization of J.E.R.C 
has undertaken detailed study of a portion of the system, and 
the individual parts are now working together in the experi- 
mental exchange. 

The multiplex and speech circuit equipment have been 
designed jointly by the Post Office and the General Electric 
Co. Ltd; the supervisory equipment by Ericsson Telephones 
Ltd; the register equipment by Siemens Edison Swan Ltd, and 
the translation, metering, line information and other equipment 
jointly by Automatic Telephone & Electric Co. Ltd and Standard 
Telephones & Cables Ltd. Similar divisions of responsibility and 
manufacture will occur in the Highgate Wood public exchange 
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installation of which the Dollis Hill model is the laboratory 
version. 

Basically the exchange will employ the principle of time 
division multiplex and switched highways for the ultimate con- 
nexion, where each highway can carry up to 100 simultaneous 
conversations and sufficient highways are provided depending 
on the traffic of the exchange. The exchange lines are arranged 
in groups and each line in a group is connected by electronic 
gate circuits to the highway common to all lines in that group. 
Each highway in turn is able to be connected to any other, 
again by electronic gate circuits. These highways transmit 
speech and other signals to and from the lines in the form of 
amplitude modulated pulses. The number of lines in a group 
connected to a highway is several times the possible number of 
simultaneous conversations depending on the traffic originated 
by the lines. 

Each connexion on a highway uses a pulse channel trans- 
mitting one of a series of interleaved cyclically recurring pulse 
trains, typically of 10kc/s repetition frequency. Lines are con- 
nected to channels by applying suitably timed pulses to the 
gate circuits. Magneto-strictive delay lines are used as tem- 
porary memories for storing the pulses which have been allo- 
cated to the subscribers’ gates for connexion to the highway, 
and also for controlling the gates inter-connecting the high- 
ways. Magneto-strictive delay-lines are used as registers to 
receive information dialled by subscribers. They count and 
store the dialled pulses, obtain any translations which are neces- 
sary to route calls to other exchanges and transmit digit pulses 
when outgoing routes are established. Delay-lines also control 
the supervision of connexions after they have been established. 
They connect tones to the calling lines and ringing to the 
called lines at appropriate times, detect answering and clearing 
and arrange for the metering of successful calls. 

A magnetic drum is used as a semi-permanent memory. This 
drum carries all the information relative to all subscribers’ lines 
and junctions, acting in this respect as the exchange library. 
Another portion of the drum co-operates with register equip- 
ment by providing translation facilities for routing the call 
either to a local subscriber or to subscribers on other exchanges. 
Positions on the drum particular to each subscriber are used 
to record the accumulated total of unit fee registration debited 
against the subscriber and as such replace the individual electro- 
mechanical message registers provided per subscriber in exist- 
ing systems. Such accumulated totals can be read from the drum 
as and when required for subsequent automatic accounting for 
the final subscribers’ account. 
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A Simple Current Stabilizer for Electromagnets 


By M. H. N. Potok*, M.A., B.Sc., Ph.,D., A.M.I.E.E., M.LR.E. 


For certain experiments it was necessary to provide a magnetic field which was free of ripple and 

of slow drift, the electromagnet concerned required about 10A at 100V. In this article the various 

methods of supplying the electromagnet are briefly reviewed and the solution adopted is described. 

The power is supplied by an Amplidyne. Transistors are used to reduce ripple and a d.c. amplifier 
is employed to overcome slow drift. 


(Voir page 775 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 780) 


bs connexion with some experiments designed to measure 
the g value of electrons it has become necessary to provide 
a magnetic field which would be free of ripple as well as 
of slow drift. This problem has recently been receiving 
the attention of several workers’ but it may be of interest 
to give some details of a comparatively simple solution. 
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well at the lower load required. The commutator ripple 
was found to be of the order of 0-5V, and the attempt to 
remove it by an LC smoothing circuit led to instability 
when feedback was applied, because the Amplidyne is a 
two-lag device, and the smoothing circuit provided the 
third lag leading to self-oscillation at a few cycles per 
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Fig. 1. The current stabilizer circuit 


The air cored electromagnet as designed required about 
10A at 100V. Various methods of stabilizing the field 
were considered, such as the proton resonance effect, the 
cyclotron effect and the Hall effect but in view of the com- 
paratively weak field required (less than 300G), shortage 
of space inside the coil and the high stability aimed at, 
these were found to be unsatisfactory, and magnet current 
stabilization was chosen as the best approach. Here the 
choice was between a battery, a d.c. generator and a recti- 
fied a.c. supply. The battery would avoid the ripple prob- 
lem but it was realized that that would not be as great a 
problem as the current drift due to battery voltage and 
magnet resistance changes. Also a battery to give 10A, 
100V is bulky and would require frequent recharging. It 
was decided eventually to use an Amplidyne. The one 
available was rated at 25A, 220V but behaved reasonably 


* Cavendish Laboratory, Cambridge. 
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second. Eventually, it was decided to use only capaci- 
tance for rough smoothing and power transistors for final 
ripple reduction while a d.c. amplifier is used to correct for 
slow drift by comparing the voltage across a standard 
resistor against a dry battery, and feeding the error signal 
into the field coil of the Amplidyne. The Amplidyne res- 
ponse with sufficient resistance in the quadrature winding 
is of the order of O-lsec, and the transistor smoothing 
circuit takes over below that. 

The circuit is as shown in Fig. 1. 

The d.c. amplifier is a conventional one consisting of 
double triodes in long-tail pairs. The transfer conduct- 
ance is of the order of 1A/V. The drift is of the order 
of 1mV between input grids. This is rather more than 
one would like, and to reduce its effect, and in view of 
the extra power available from the Amplidyne, a compara- 
tively large standard resistance was chosen dropping 36V 
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which is compared with a 36V dry battery. This should 
give current stability approaching 3 in 10°. It is proposed 
eventually to place the resistor in a bath of alcohol, ar- 
ranged so that the heat produced will just boil the alcohol, 
and so keep the temperature constant. The alcohol is, of 
course, condensed and returned to the bath. (This idea 
is due to Dr. McCutchen of this Laboratory, and has 
worked well in another connexion.) The transistor smooth- 
ing circuit gives a 400 to 1 reduction in ripple and reduces 
considerably such troublesome effects as the Amplidyne 
rumble. This is unexpectedly large and irregular and 
many attempts were made to reduce it, such as attention 
to the bearings, commutator and brushes but without signi- 
ficant improvements. The transistor circuit copes with it 
successfully except for very occasional spikes which are 
thought to be due to the carbon brushes. The principle 
of operation of this transistor smoothing circuit has been 
described by the author earlier. The transistors used here 
are the V30/30P rated at 10W, 3A maximum. Four of 
these are required in parallel to allow a load of 10A but 
the current amplification at 2-5A is low, hence it has been 
decided to use six of them. This also provides a safety 
margin in case of sudden overload. The diode in the circuit 
is used to safeguard the transistors against overvoltage. 
and the resulting burn out. Current to be stabilized can 
be changed by varying either the reference voltage or the 
standard resistance. Since long term stability is not re- 
quired, the reference voltage can be changed by tapping 


a resistor across the reference battery. A very smooth 
control of current is thus obtained. The resistor (100k), 
of course, discharges the battery slowly thus causing a slow 
drift in current. The present stability is of the order of 
5 x 10-5, and it is proposed to use a chopper d.c. amplifier 
to obtain a greater stability if and when required. 

The operation is comparatively simple although some 
care has to be exercised in bringing the circuit into opera- 
tion if sudden overloads are to be avoided. 

No attempt has been made to follow the fashion of 
using transistors only in place of the ‘anachronistic’ 
valves’, since it is strongly held by the author that where 
a ‘one-off’ piece of equipment is required for a compara- 
tively short-lived experiment, ingenuity in devising novel 
circuits where old-established ones will work, is totally 
misplaced both in terms of economy and effort. 
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A New Acoustic Research Laboratory 


NEW acoustic research laboratory has recently been 

opened at Hemel Hempstead, Herts, by the Acoustical 
Investigation and Research Organization Ltd (AIRO) who 
are an independent, non-trading organization formed for 
the purpose of practical investigation and research into all 
aspects of noise problems. 

The new laboratory is the first in this country to bring 
under one roof all the special equipment and techniques 
required for acoustic analysis and measurement and it has 
been designed in collaboration with the National Physical 
Laboratory and the Building Research Station with whom 
AIRO maintain close liaison. 

The laboratory will undertake these principal types of 
work. 

(1) Measurement of the acoustic characteristics of 
machines, materials and electro-acoustic trans- 
ducers. 


(2) Development projects involving acoustical prob- . 


lems. One of the first to be investigated by the 
laboratory will be the provision of effective sound 
insulation in lightweight structures such as office 
partitions and bulkheads between passenger cabins 
on ships. 
(3) Fundamental research in the field of acoustic 
engineering and electro-acoustics. 


The laboratory consists of four experimental chambers 
and an underground duct. All are connected to a control 
room, to which information is transmitted for recording 
and analysis of the data obtained. 

Two of the experimental test rooms require maximum 
insulation from extraneous noise. These are the anechoic 
chamber and the reverberation chamber, where all surfaces 
reflect noise. To achieve the necessary degree of insula- 
tion, both these chambers are separately supported on high- 
compression rubber mountings. They are, therefore, com- 
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pletely independent of the structure of the building. In 
addition incoming ducts and leads are insulated and a 
mineral wool blanket is suspended in the cavity between 
these chambers and the main structure. 

In the anechoic chamber there is a sound-absorbent 
lining on all walls floor and ceiling. This consists of 
‘ Bondacous’ in a specially devised formation up to a thick- 
ness of 30in. There is a retractable metal grid floor which 
is used for setting up experiments. 

In the reverberation chamber all surfaces are reflective 
and adequate diffusion of sound is obtained by introducing 
reflector plates suspended from the ceiling. This technique 
has not been used previously in this country but is now 
internationally accepted. 

In the ceiling of the reverberation chamber there is a 
pre-cast concrete panel which can be raised by hoist into 
an upper source chamber above. It can then be removed 
along a gantry and lowered to ground level for resurfacing 
with new materials which require to be tested for sound 
transmission properties. 

No two walls in the reverberation chamber are parallel 
to one another the object being to prevent undesirable 
effects associated with rectangular rooms. 

The same requirement applies to the source chamber 
which although not suspended independently, has highly- 
reflective surfaces and no two walls in parallel. 

The underground duct which is adjacent to the building 
is 40ft long by 3ft square. It contains an anechoic wedge 
structure which can be blanked off by reflective plates when 
required. 

The scope of the laboratory’s analytical and measuring 
facilities can be indicated by a brief description of the type 
of work which will be undertaken. 


MEASUREMENT OF SOUND ABSORPTION 
The sound absorption coefficients at random incidence 
of any natural or manufactured material over the audible 
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frequency range 40c/s to 10kc/s can be accurately mea- 
sured. In the case of frequencies at or above 100c/s, 
these tests will be carried out in the reverberation chamber 
according to British Standards and in conditions identical 
to those at the National Physical Laboratory, using samples 
of 100ft? placed on the floor of the chamber. Measure- 
ments of the chamber’s reverberation time with and with- 
out the sample enables the absorption coefficient of the 
materials to be calculated. Measurements of the sound 
absorption coefficients of materials at frequencies below 
100c/s will be carried out in the underground duct using 
the normal standing-wave technique. There are also facili- 
ties for measuring the sound absorption coefficients of 
materials at normal incidence in the frequency range 125c/s 
to 4kc/s using the same technique in the standing wave tube. 


SOUND TRANSMISSION AND SOUND INSULATION 

This facility is particularly useful in the designing of 
sound-reducing partitions and windows, either from the 
point of view of their construction or the materials used. 

For example, in testing partition materials and construc- 
tions, the experimental sample is placed in the test aperture 
between the reverberation chamber and source chamber. 
An accurate measurement can then be taken of the air- 
borne sound transmission loss characteristics of any type 
of partition at 4rd octave intervals in the frequency range 
40c/s to 10kc/s according to B.S.2750: 1956. 

Similar measurements can be made for sound reducing 
floors and ceilings. In this case the test sample is placed 
in the aperture between the upper source chamber and the 
reverberation chamber. The efficiency of a floor or ceiling 
in reducing the transmission of impact sound, such as is 
caused by, for example, footsteps or machinery, can also 
be measured. 

In testing window constructions under normal conditions 
the sample is placed in the aperture between the reverbera- 
tion chamber and the anechoic chamber, since the anechoic 
chamber gives the effect of normal open air conditions out- 
side a window. 


NoIsE CHARACTERISTICS OF MACHINES 

Measurement of the noise characteristics of all types of 
mechanical and electrical machines and components will 
be carried out in the laboratory. The reverberation cham- 
ber, the anechoic chamber and the underground duct will 
all be employed to calculate sound power levels and spectral 
analysis of machine noise in the frequency range 20 to 
20000c/s at frequency intervals of from 4rd octave to 
1/40 octave as required. Directivity patterns and polar 
diagrams can also be produced. 

In particular, the noise characteristics of all types of 
ventilation plant can be measured. Fan speeds can be 
varied within wide limits and measurements can be taken 
under given suction or discharge pressure conditions. Where 
overall sound power levels are to be determined the test 
fan will be mounted in the reverberation chamber. Alter- 
nately, the test plant can be mounted in the anechoic cham- 
ber to enable directivity characteristics to be measured in 
open air conditions. Ventilation plant may be tested either 
working into free air or with duct work installed at suction 
and/or discharge sides. 

The laboratory will also investigate the problems of 
noise generation by all types of machines, and projects 
involving the reduction of noise in specific mechanical 
devices will be undertaken. 


VIBRATION 

The laboratory is fully equipped to carry out detailed 
measurements of all the parameters of mechanical vibra- 
tions, spectral analyses of vibration acceleration, and deter- 
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The reverberation chamber 


mination of velocity and displacement. The problems of 
vibration isolation can be fully investigated and resolved. 


ELECTRO- ACOUSTICS 

A major activity at the laboratory will be the measure- 
ments and calibration of all types of electro-acoustic trans- 
ducers, in particular, microphones and loudspeakers. 

Measurements of the sensitivity of all types of micro- 
phones will be carried out in the anechoic chamber at any 
required range or incidence. Free field microphone fre- 
quency response measurements can be taken over the 
frequency range 20c/s to 20kc/s and the response can 
be measured either as a continuous function of frequency 
Or aS point-to-point measurements, at frequency intervals 
which can be as close as 1/40 octave apart. Free field 
measurements at frequencies above 100c/s will be carried 
out in the anechoic chamber and measurements at fre- 
quencies below 160c/s will be made in the underground 
duct. An alternation technique will be used. 

Full facilities are also available for the determination 
of microphone directivity characteristics and sets of polar 
diagrams can be produced for all frequencies under free 
field conditions. 

The laboratory standard reference microphones will be 
periodically calibrated at the National Physical Labora- 
tory. In addition absolute reciprocity calibrations will be 
carried out frequently in the laboratory. 

Comprehensive measurements on the performance of 
loudspeakers under free-field conditions can be undertaken 
in accordance with B.S. 2498:1954. The measurements 
include: —Sensitivity, Frequency responses, Mean spheri- 
cal responses, Polar responses, Impedance measurements, 
Transient responses, Non-linear distortion, Efficiency. 

These measurements can be carried out in the frequency 
range 20c/s to 20kc/s. Frequency response curves will 
be produced on the basis of either point-to-point measure- 
ments or continuous frequency responses whichever is 
required. 

To simulate free field conditions the loudspeaker will be 
placed on the anechoic chamber. At frequencies below 
160c/s the underground duct will be used. 

The laboratory will also undertake research on the 
design of loudspeakers. 

Measurement can be made of the performance of many 
other types of electro-acoustic transducers—such as artifi- 
cial ears and telephones—and of audio-electronic instru- 
ments, such as tape recorders and reproducers, amplifiers, 
etc. 
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High Frequency Transistor Filter Synthesis 


By L. M. Vallese*, D.Sc. 


Methods of synthesis of high frequency transistor filters based on the use of the forward equivalent 

network transformation are developed. For purposes of simplification the transistor intrinsic feed- 

back, which is very small in diffused base units, is neglected. Two canonical ladder structures, of 

hybrid-x and of hybrid-T type respectively, are considered for the synthesis of complex pole pairs; 

these are cascaded with (and in certain cases without) the interposition of buffer stages. Examples 
of video and band-pass filters are shown. 


(Voir page 775 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 780) 


N recent years the problem of the synthesis of active net- 

works has been receiving increasing attention as attested 
by the large number of technical papers on the subject. The 
attractiveness of these networks arises from their greater 
freedom of design and from their gain feature, characteris- 
tics which with proper use may offset the disadvantages of 
lesser reliability of the parameters. 

The synthesis of transistor networks is usually compli- 
cated by the presence of intrinsic reactances and intrinsic 
feedback. However, modern technical advances have pro- 
vided graded base structures with negligible intrinsic feed- 
back. which permit a considerable simplification of the 
design. In the following, the problem of the realization of 
high frequency transistor filters is discussed taking into con- 
sideration the base-emitter capacitance and neglecting the 
collector-base capacitance and the base spread resistance. 
Methods of synthesis of low- and band-pass ladder struc- 
tures are developed using a procedure based on the network 
transformation from the non-reciprocal to the reciprocal 
form, which was previously discussed |. The entire filter is 
built with canonical structures of the hybrid-z or of the 
hybrid-T type, which realize each one pair of complex 
poles; the hybrid-z structures are cascaded with the inter- 
mediary of buffer stages, while the hybrid-7 structures are 
cascaded directly. Experimental verifications and examples 
of design are included. 


Network Transformation 
Given a two-port non-reciprocal network N with admit- 
tance matrix: 


W¥u Yl 
W¥on Yall cccccttct (1) 
and load admittance Y;,, the network of matrix 
| Yu+ Yo(¥u- Yu) !(Y2+ Yr) Ya|| (2) 


I You Y~!| 
possesses the same forward transfer and driving immittance 


properties and the same stability as N, when closed on the 
load Yt. 
Similarly, in terms of the impedance matrix of N 
WZu Z1|| 
Zn Zoi} citttttettestsee 
indicating with Z;, the load impedance, the corresponding 
forward equivalent matrix is 
|Z + Z1(Z — Zy) | (Zoo + Zr) Za|I 4 
Il Zen Zullo 0 (4) 
Finally in terms of the chain matrix (4 B C D) of the 
network N the corresponding reciprocal forward equivalent 
matrix is 
|| A B l| 5) 
IC  D+(1-AD+BO)/(A+BY;)|] °°°°"" C 











s International Telephone Telegraph Laboratories, Nutley, N.J. (formerly 
Polytechnic Institute of Brooklyn, N.Y.). 
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The principle of the design procedure used in the follow- 
ing investigation consists of synthesizing the forward 
equivalent structure with appropriate restrictions, and then 
retransform the final network to the non-reciprocal form. 
For this purpose it is convenient to consider canonical struc- 
tures of the type shown in Fig. 1(a) for the realization of 


22a 
22 
Ya if 21» 21 


Fig. 1. Canonical structures for the realization of one complex pole pair 











(a) Hybrid-= type 
(b) Hybrid-T type 


V, V2 
Cy 
Gp In, 
o— ‘ ~O 


Fig. 2. Simplified common emitter equivalent circuit 





transfer voltage or transfer admittance functions of type: 


>... (6) 


r - bs 7; £ 


Tx = 


Similarly the structure of Fig. 1(b) is used for the realiza- 
tion of transfer current or transfer impedance functions of 
type (6). Both these canonical structures may be cascaded 
with the interposition of unilateral buffer stages of common 
emitter or of common base type, using graded base type 
transistors, provided the input circuits of these stages are 
made part of the load elements Y2, and Z2, respectively. For 
the purpose of the synthesis the equivalent circuit of the 
transistor used is simplified as shown in Fig. 2, neglecting 
intrinsic feedback, base spread resistance and collector con- 
ductance, which are all presumed to be very small with 
respect to the extrinsic parameters. 
As a result, in general transfer functions of the type: 
H(s) 


C)....(8 4 bus + Cn) 


Tx = 


(s° + bis + 
may be realized within a frequency range depending upon 
the transistor used. 


Synthesis of Canonical Structures 


Starting point of the synthesis is a prescribed transfer 
function of type (6), In particular, if the latter is frequency 
normalized, the same normalization should be applied to 
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the transistor equivalent circuit, multiplying the value of 
Cy by the normalization factor. 
Considering first the network of Fig. 1(a), the following 
forward equivalent admittance matrix is obtained: 
|| Yu+ You+ Yia+ Yot+ Y’ — Yia+ 8nl| (8) 
| —Yia + &m Yia + Y2a| rate 
where Y’ = 2m(Qm — Yia)/(Yia + Yoo). The corresponding 
ladder unit is shown in Fig. 3(a), where, indicating with M 
an impedance normalization factor, one has: 
Y 20" = (1/M) (Y2a + &m) 
Yia’ = (1/M) (Yin — 8m) 
You’ = (1/M) (Yoo+ Go+SCp+ gmY 20’ /(Y1a’ + Y20’)) 
Yu’ = (1/M) Yw 








Fig. 3. 














22 2p 
7 L__f 
s = 
Ziv 
Zia(!+ J, 2) 








Fig. 4. Hybrid-T type circuit and its unilateral forward equivalent 


Similarly, indicating with zij. the common emitter imped- 
ance parameters, the following is the reciprocal forward 
equivalent matrix of the network of Fig. 1(b): 
|Zi» + Zov+Zue+ Zia+Z’ , Zia + Zze!| 
|Zia + Zzt0 Zia + Za + 2226|| 
where Z’ = (Z21e — Zire) (Ze1e + Zia)/(Zia + Zea + Z200). 
ches Piao ibd se ere a a hose won (10) 


The corresponding network representation is shown in Fig. 
3(b), where: 

Ly = (1 /M) (Zon — Zale + Z220) 

Zin = (1/M) (Zia + Zate) 

Zon’ = (1/M) (Zan + Zure + Zi2e + (Ze1e — Z120)Z 20" | (Zia’ + Zoa’)) 

Zw’ = (1/M) Zw 

AES a PR AES Ce (11) 

However, with the assumed simplifications of the tran- 
sistor parameters, the quantities zzie and Zx2.. become infi- 
nite; therefore, equations (11), valid in general, do not 
apply in the specific case considered here. 

Redrawing the circuit of Fig. 1(b) in Fig. 4(a), with 
consideration of the transistor equivalent circuit, one finds 
that the output current J, is unaffected by the impedance 
Z, and is given by the expression 
lk = gmZ» Ziwhi/(Zi» +Z+ Zo + Zia (1 + BmZv) .... (12) 
Hence, as far as the current J, is concerned, this may be 
determined from the network of Fig. 4(b), which is the 
unilateral’ forward equivalent of the network of Fig. 4(a). 
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Furthermore, it is noted that, because the circuit of Fig. 
4(a) terminates in a current generator, it can be cascaded 
directly with similar circuits, without the interposition of 
buffer stages. 

The method of synthesis of the above transformed net- 
works is not unique. Thus, for RC networks with real zeros 
the Cauer ladder development may be applied***; for 
voltage transfer functions in general the matrix factoriza- 
tion method of Pantell’“ may. be used. Still other pro- 
cedures of synthesis may be followed. 

As an example, consider the synthesis of a Butterworth 
or a Tchebyscheff filter. If the specifications call for a band- 
pass with prescribed bandwidth w. = wa — w», with centre 
frequency. wo = V(waw») and prescribed off band attenua- 
tion (in addition to the value of the ripple in the Tcheby- 
scheff case), one can easily derive the corresponding 
frequency. normalized low-pass transfer function’, The 
latter is synthesized and then denormalized to the band- 
width w. by dividing inductances and capacitances by we. 
Finally, applying the low-pass band-pass analogy, the net- 
work is converted to the band-pass form adding in series 
with each inductance L a capacitance C = 1/w.°Z and in 
parallel with each capacitance C’ an_ inductance 
L’ = 1/acC’. 

Assume, therefore, that a prescribed voltage transfer 
function is to be realized by means of a ladder section of 
the type of Fig. 1(a). Considering the corresponding chain 
matrix (5) of the entire network, the parameter A, which 
remains unchanged under the forward equivalent network 
transformation, is the reciprocal of the voltage gain Av. 
Following Pantell’s procedure, A is written as the product 
of four functions of s, i.e., 

A = (kif) (Kofz) (Kafs) (Kafe) «eee (13) 
where the fi(s) will be further specified later and the k’s 
are positive or negative constants. Factoring the reciprocal 
forward equivalent matrix (5) in an appropriate way, it is 
shown that the following relations apply for the ladder 
elements : 
Ys’ = ksfs 
1/ Tu => Ksfs —- 1/Ksfs 
Yor’ = kof2 — 1/kofs 
1/Yw' = kifi — 1/kofs 
ba iscaseaie arian (14) 
Further simplifications may be obtained grouping together 
Yi,’ and Y2»’ hence using only three fj (s) functions. Using 
equations (9) and (14) the following relations are derived 
for the extrinsic circuit elements: 
You=M ksf,— &m 
Yia=M/(ksfs—1/ksfs) + om 
Yi + You= M(kof2 — 1/kafs) — Gy —sCv Bokeh i 
mht — Tikh 
BP ee ees (15) 
From the latter equations it is seen that the f\(s) may be 
p.r. (positive real) functions, with the k appropriate positive 
or negative constants. 
For example, if a voltage transfer function: 
Ay = 1/(8? + bs +c) 


is to be synthesized, one may let: 


a=(x s+bs+c ns) i ‘ 
: S+2Z sae (Ke(s+ zy (17) 


with 





fh=st+2z,fs=(s + 2/(s + Z) 
fa = (S? + bs + c)/(S + 2) .......... (18) 
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There follows: 

Yo’ = ky (s + 2) (19) 
where ks may be taken equal one. Furthermore, if gain 
larger than one is desired, Yia’ should have a negative rea! 
part; letting k3 = —1/(z’ — z), with z’ > z, there follows 
that Yj,’ is negative real, i.e., 


|, ae) ae ee cents (20) 
Finally one has: 
S+bs+e 
Yw + Yor’ = ko z ——+ Zz a a (21) 
S+Z 


In order to determine z, z’ and k2 equations (15) are con- 


sidered. These are written: 
Yoo = M(S + 2’) — 8m 
Yu = M Ff — z) + 2m 
c—z(b—z) 
Yiw+ Yo=Mk2({ s+ b—z+— _]+M(2’ 
S+Z 
(z’ —z) 
S+Z 


(2’—zp 








+M " Gv —sCv— gm — 8m 


Hence, letting n = z’/z, the following conditions must be 
satisfied for R — C realizability: 

O<2<6,n> 1 

&m/nz <M K< gm/(n — 1)z 

M (kz (c—z (b—z) )+(n—1) 22) = gem(n—1)z 

M (kz (b—z)+(n—1) z) > Go+gm 





Mk; > Cp 
eee ee a eae (23) 
The value of the factor M is: 
8m (n—1)z 

M = ———_——_ ....... 24) 
kale —z—-2)+— le _ 

The constant kz must satisfy the inequality: 
(n —1) *z? vg oo ODE 25) 





(b—z) (l+nhy)z—c(l+he) ~~ c—-z(b—2)" 


where fe is the common emitter current amplification 
factor. If the load conductance is prescribed, the value of 
(n—1) 2? 


kp is: 
re , nGoa 
Cc—<z (b —_ z) re Goa + 2m 


provided the inequality (25) is satisfied. From equation (26) 
it is seen that the constant n falls in the range: 


1<n<1+¢m/Goa (27) 

The value of G2, has been assumed to be large with respect 
to the collector shunt conductance. 

Substituting equation (26) in equation (24) there follows: 

M = (1/nz) (gm + Gra) ............ (28) 


Alternatively, the constant k, could be obtained in terms of 
a prescribed source conductance Gip. 











The zero frequency gain is: 
Open k=. |. ae (29) 
koc 


This is maximum if Gi’ is made as large as possible 








Assuming that Gs» is negligible, one has: 














b —z)nz - 
Gv’ (max) = » 2 * > —G»/M ceccece (30) 
(n —1)z 
(b—2z) nz Gv» (n—1)z 
Avoimaz) = — eal _ M kee 6004 (31) 


In particular, if the last term in equation (31) is negligible. 
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Avo(max) is largest when z=b/2 and n is as large as possible. 
Recapitulating, the canonical network realizing the volt 

age ratio (16) is of the type shown in Fig. 5. The com- 
ponents of this network are obtained by first choosing 
appropriate values for z, n, k: and then computing M and 
the following expressions: 

Goa = Mnz — 8m 

Cra = M 

Gia = 8m — M(n — 1)z 

Gw+ Ga» = M(k(b—z)+(n 

Cov = Mk, : Cp 


1)z)— Gv — gm 


(32) 


The upper limit of realizable bandwidth with a single 
given transistor in the present configuration is determined 
by the value of Cy, and corresponds to the condition 
Mk: = Cp. 








Gio 
‘2. a 
Gin 3 
2a 
ce. P G2. 
Gr» T 7 





Fig. 5. Final form of the hybrid-7 section 
The reliability of the design is increased if: 
Gin + Gon > Gv, Ca, > Co, M(n _ 1)z < 2m 
Consider now the case of the synthesis of a current ratio: 
Ai = P(s)/Q(s) (34) 
It has been shown that in the canonical structure of Fig. 
4 one has: 
Ai = 2mZvZiw/ (Ziy + Ze + Zo + Zia(l + YuZ)) 


Solving for Zia there follows: 


1 (2mZvQ(s) 
Zw a 


Zu = 
: 8m + Yd P(s) 





vs ) = Z0Yr —1 


Re ere (36) 
Hence the problem of the synthesis is reduced to determin- 
ing Zi» and Z2) so that Zi, is passive realizable. 
For example; let: 
P(s) = H(s +2), Os)=S+ bst+e 
There follows: 
la = 
1 Zi» 
@m+Gv+sCy Ss +a 
+ C2m/H = aGp] — 1—Z» (Gp + sCp) 
Pastel arcckia wiaics eit (38) 
From equation (38), letting H = gm/C», the following neces- 
sary conditions are derived: 
a2<b — Go/Cr = 5 — wee 
a<cCy/G» = C/ wee 





[s°(g@m/H = Cpr) + 5(2Qmb/H _ Gy—aCp) 


re seis Chere she (39) 
where we is the 3dB down angular frequency of the 
common emitter current amplification factor. 

Letting: 
Zn» = 0, Zw = Rw = 1/Gn, H = gul/lCr 
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Pp = (8m + Go)/Co, 
3 = [ceCy — a(Gv+ Giv)]/[(b — a)Co— Go—- Gv] 
Kgs Lata paws aichensa wes euees (40) 
(where p is the 3dB down angular frequency of the 


common base current amplification factor), equation (38) 
is written: 


(b a)Cy — Go — Gy 
CpGiv 


s+fB 


(s a. a) (s 4 ‘p) 





Zia = 


This is a p.r. function provided: 
ee eee ere eee (42) 
In particular, if « < p, this condition may be written: 
a <x b— G»/Co _ cCp/ (gm + G») = b—wee- c/p 
fAeane oneseca tests (43) 
In this case the conductance Gi is chosen in accordance 
with the inequality: 
Gw < [b —ea2- cCp/ (gm + G»)] ti — & 


As a particular case, when «< p, Gi» may be chosen so 
that B = p, letting: 


Gi» = [(b — Go/Cu)p — Cy ~ 28m] /(p — 2) 


The low frequency. gain is: 
, ee ee (46) 


which is proportional to «a. Hence, if Ai. is to be larger 
than one, « must be larger than cC»/ gm. 


Recapitulating, the synthesis of the hybrid-7 circuit for 
prescribed current ratio Ai = (s + a)/(s°+ bs+c) is 
obtained as follows: Letting b = wob’, c = wo” and assum- 
ing that the transistor has a cut-off frequency w,. and 
current amplification factor Are, one verifies that «<p 
and satisfies the following inequalities: 

a a en Oe ee (39a) 


Waelltfe 


Wo 


Wael 1 + Rte) 


Wo 


< (a/wo) < b’ - 


Ww eMte 





(we/ @o— 


A necessary condition for the solution of this problem is 
that: 
1 + 2hte 

b’ > Woe vO teri. eS. 

> (We/ wo) + (wo wee) hdl + hd 
i.e. for given b’ the ratio wo/w, e should fall in the range: 

(b’ hte’ /2) — V [(b’hte’ / 2)’ — hte’} 
< (Wo/ Wee) < (b’ hte’ /2) + 

V [(b’hte’/2)° — hee’] 
where Are’ = (hte + 1)hte/(1 + 2hre). In certain cases the 
latter condition may be satisfied by ‘decreasing’ artifi- 
cially the value of w,«. If x is not negligible with respect 


to p, the general condition (42), rather than (43) should be 
satisfied. 


Applications 

Design applications of the previous synthesis procedure 
have been made using drift transistors of type 2N384 
(RCA). At the bias point J, = —1-5mMA, Vee = —6V this 
Possesses the typical parameter values G» = 960umhos, 
Cy = 90pF, gm = 0-0568mhos, rev’ = 50M. Furthermore, 
wae = 10:7 x 108, p = 642x 10°, fie = 1-58Mc/s, hte = 59. 
Actual parameter values may be measured from the tran- 


DECEMBER 1959 751 


sistor performance as a simple resistance loaded ampli- 
fier, using the low frequency input conductance, the low 
frequency voltage gain and the high frequency cut-off. 


DESIGN (1) 

Design a video amplifier having a fourth order Butter- 
worth voltage gain response, a bandwidth of 100kc/s and 
the load conductance Gia = 10~*mhos. 

The transfer voltage ratio is in normalized form: 

A, = 1/(s* + 0°7654s + 1)(s° + 1-8478s + 1) 

PE OP OR Peer (47) 
where the normalization factor is 2710°. Correspondingly, 
the capacitance C; will be normalized to Cp2710° = 56°5 x 
10-*F. The entire filter will be obtained with three tran- 





50 








TIN NEI 
NAY 














20}—___++ 
































So 10? 10? 104 
FREQUENCY (kc/s) 


Fig. 6. Voltage gain response of a particular hybrid-= section 


A C,, = 1910pF, C,, = 76muF 
B C,, = ISIpF, Cy, = 7510pF 
c Cy = I19pF, Cy, = 7OpF 
c’ Theoretical response 

D Ci, = Cy = 0 


sistors, two in the configuration of Fig. 1(a) (or 5) and 
a third one as a common emitter buffer stage. 


Starting from the output side one synthesizes one of the 
complex pole pairs, for example s* + 0-7654s + 1. Since 
G2, is prescribed, the value of m must be chosen in the 
range: 

1<n<1 + gm/G2a = 578 
Letting z = b/2 = 0-3827 and n = S50 one has from equa- 
tions (26) and (27) respectively: 
ke = 1:1346, M = 3-0206 x 10° 
From these quantities the following normalized parameter 
values are computed: 
Gos = 10-*mhos, C2, = 3-0206 x 10°F 
Gis = 156x 10-*mhos, Gi + Go» = 155-3 x 10-*mhos 
Cx» = 3370uF. 
Finally, denormalizing to f = 10°c/s, one has: 
Co, = 4809-9pF, Co, = 5367pF. 
In addition one may let: 
1/Gy = 9°5kO, 1/G2» = 20k 
and furthermore use a portion of 1/Gi, for example 1kQ, 
as the load of the preceding buffer stage. 

The inpui admittance of the buffer stage is Gy + sC» 
and will be incorporated in the admittance Y2, of the pre- 
ceding section, which synthesizes s? + 1-8473s + 1. 

Letting again Gz = 10-*mhos and nm = 50, and taking 
z = b/2 = 09239, one finds M = 1-2512 x 107-3 and 
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obtains the following extrinsic normalized parameters 
Go, = 10-“mhos, Cx, = 1194-SuF, Gis = 1-7 x 10-*mhos 
Gw + Gx» = 43-408 x 10-*mhos, C2 =481-78 x 10~‘F. 
Denormalizing to f = 10°c/s one has 
Co, = 1910pF, Co = 76 x 10°F 
Finally the design may be completed letting 
1/Gw = 25Q, 1/Ga = 3000. 


Assume now that the bandwidth of the above video ampli- 
fier is to be 1Mc/s or 10Mc/s, instead of 100kc/s. In this 
case a common base buffer stage might be used, to obtain 
a lower value of C2./Gea ratio. The output section of the 
filter may remain unchanged, except for the frequency 
normalization factor, and the input section should be re- 
designed on the basis of values of Ca =M2>C» and 
Goa 2 Gp + 2m. 

In Fig. 6 are summarized the results of experimental 
investigations of the voltage ratio of the filter section (49). 
Good agreement was found with the theoretical response 
for cut-off frequencies of 100kc/s and 1Mc/s. At 10Mc/s 
the response follows only. in part the theoretical curve and 
shows a peaking effect at 3Mc/s. In the same figure the 
response obtained removing completely the extrinsic capa- 
citances is also shown. 


DESIGN (2) 

Design a Butterworth second order filter of band-pass 
type; with centre frequency 100kc/s bandwidth 10kc/s, load 
conductance 10-“mhos. For the low-pass analogue the 
expression of the voltage ratio is: 

A, = 1/(s? + V2s + 1) 

with a frequency normalization factor of 2710‘. The design 
proceeds substantially as before; however, an effort is made 
to obtain capacitors of reasonable value, since these must 
be resonated with parallel inductances at the centre fre- 
quency of the band-pass filter. Since the values of Cx. and 
Cx ate proportional to M, the latter should be made suffi- 
ciently small. From equation (28) it is seen that the 
minimum value of M occurs when n and z are both 
maxima, i.e., m is close to 1 + gm/Gea and z close to b. 
On the other hand, from equation (31) it is seen that the 
gain varies directly with nz (b Zz). 

If one selects » = 50, z = 1, there follows 

M = 1-156 x 1073, k = 11-2, Avo = 
The normalized low pass parameters are 
* Ga = 10-“mhos, Coa = 1-156 x 10-°F, Gia = 0-0558mhos 
Gy + Gu, = 0:0044mhos, Cx» = 12°95 x 10°F 
enormalizing to f = 10'c/s one has 
Cr = 185 x 10-°F, Cx» = 0:206uF 
Finally, returning to the band-pass analogue at the centre 
frequency of 100kc/s one has 
Le, = 135 x 10H, La = 12:1 x 10H 


DESIGN (3) 

Design a filter with a transfer impedance function of 
second order Butterworth, low-pass, bandwidth 1Mc/s, 
load conductance 10-*mhos. 


[5-7 


One has in normalized form 
Zu = V2/Ie = 1/(s° + V2s + 1) 
with frequency normalization factor 2710°. Since V2/h = 
Zon 12/1, one may let Zo = 1/H(s + 2) and 
h/h, = H(s + 2)/(s? + V2s + 1) 
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Fig. 7. Example of synthesis of hybrid-T section 


In order to satisfy the conditions (39) and (43) with «< 
cCp/gm it is necessary to increase the value of Cp». For 
example, if Cy is doubled, the range of « is determined by 
the conditions 
0:0199 < a < 1-175, « < 0-5054 

where « < p. Choosing « = 0-1 and H = 50, equation (45) 
gives Gin = 4:26 x 10-‘mhos; furthermore, from equation 
(44) one has 

Gi, < 500 x 10-*mhos 
For generality one selects Gi,» = 10-‘mhos and obtains: 

s+ 242 
(s + 0-1) (s + 51) 
The synthesis of the latter impedance is shown in Fig. 7 
where the normalized values of the components are 
Ci = 2:67 x 10-*F, Ri = 770, C2 = 5-62 x 10°F, R2=17000 
The corresponding denormalized values of C; and C2 are 
respectively Ci = 42-6pF, C. = 895pF. 
Finally the load impedance is synthesized as 

Go, = 1/H’(s + 01) 
where H’ = G2,/0-1 = 10-*. Denormalizing to f = 1Mc/s 
one has Goa = 10-*mhos, C2, = 1590pF. 


B= 242, p= 31, 2a = 51 


Conclusions 

Procedures of design for high frequency transistor 
filters have been developed, using the non-reciprocal- 
to-reciprocal and the non-reciprocal-to-unilateral for- 
ward equivalent network transformation. Two types of 
canonical structures, respectively a hybrid-z and a hybrid-T 
type have been considered for the synthesis of each complex 
pole pair. The hybrid-7 networks are cascaded with the use 
of unilateral buffer stages, obtained using graded base tran- 
sistors; the hybrid-T networks may be cascaded directly. 

The investigation has not dealt in detail with the prob- 
lems of reliability and of temperature stability, which con- 
stitute important but separate aspects of the active networks 
behaviour. In general the design affords a certain freedom 
of choice of the fundamenial parameters, which may be 
used to satisfy particular reliability requirements of the 
networks. 
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Variation of Input Conductance of a Grounded 
Base Junction Transistor 


By S. Deb* and J. K. Sen* 


This article investigates the problem of variation of input conductance of a grounded base junction 

transistor with the input d.c. current. Methods are suggested for maintaining this variation linear 

over a wide range of values of current and also for reducing the thermal drift. Performances of 

an amplitude modulator and an analogue multiplier using a transistor incorporating these features 
are described. 


(Voir page 775 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 780) 


I’ is known that to a first approximation the input 
resistance, rin Of a grounded base junction transistor 
amplifier varies inversely as the first power of the emitter 
bias current J. Several interesting uses may be made of this 
variation. Thus Chaplin and Owens' have proposed a novel 
type of d.c. amplifier using this phenomenon. These authors 
have also suggested its use for constructing the basic element 
of an analogue multiplier. The simple law of variation of 
rin With J, as stated above is, however, only valid over a 
limited range of operation, thus restricting somewhat the 
practicability of these and other suggestions. This limitation 
is discussed in the present article and it is shown that it can 
be overcome to a large extent by the use of a simple com- 
pensating element. The problem of thermal drift is also 
discussed and methods are suggested for its compensation. 
The utility of a transistor thus compensated is illustrated by 
an account of the experimental results obtained for two 
typical applications as (a) an amplitude modulator and (b) 
an analogue multiplier. 


Variation of Input Conductance with Input Current 
Basic EQUATIONS 
The input conductance of a junction transistor in the 
grounded base mode is given by’: 
1 


gin = (1/rin) = n+ nl pena anes (1) 


where « is the short-circuit current amplification factor, rp 
the base, and r, the emitter resistance. 


Now: 
kT 
= lin + 1.) i (2) 
Tin being the input d.c. current and J, < Jin. If a ~ 1, 
i) ee (3) 


If now a small alternating voltage v. is applied between the 
emitter and the base from a constant voltage source and the 
current Ji, is parallel fed from a constant current source 
then the input driving current 
k= (Ve/ rin) = Kvelin 

where K = (q/k7) and the output a.c. current 

be == Kavelin TILT Ter Te tL (4) 
Equation (4) is a very interesting relation which may be 
utilized for a variety of purposes. Its utility is, however, 
limited by the finite value of the term r(1 — «) and the 


dependence on operating temperature and these will now be 
discussed. 


EFFECT OF BASE RESISTANCE 
For high values of Jin the approximation re > ro(1 — «) 
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is no longer admissible and the output tends to fall below 
that expected from equation (4). A linear i, — Ji, relation- 
ship may, however, be obtained over a reasonably good 
range by deliberately decreasing the response for low values 


“Ke 


To 
Me 4 —_— 


From constant R 1000 
voltage source 


- 
Lin 
From constant 
current generotor 





Fig. 1. Grounded base amplifier with resistive comp ting 
at the input 
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Fig. 2. Variation of the output signal current with the input d.c. current 
with and without a c e for transistor type OC602 at 
32-5°C in the grounded base mode 








of Jin. This is easily done »y introducing a compensating 
resistance R at the input as shown in Fig. 1. For this case 
I, # TJ. and: 

te os ase cousesauwn (5) 
where 

ee: Saee ee 

(KT /q) + role(1 —2)] (AT / le) +ro(1—a)+R] °° 
Ji, being the total current given by the sum of the junction 
current 7, and the current flowing through R. The problem 
is to maintain the value of B constant for the desired range 
of values of Jin. As both « and rp, tend to vary with J. 
making B a complicated function of Ji, a graphical method 
of solution of the problem is of advantage. This method 


B= (6) 
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showed that for an OC602 transistor the best value of R 
for constancy of B is about 1k. In Fig. 2 one i./ Jin charac- 
teristic has been drawn for this transistor with and without 
the compensating element R illustrating the improvement in 
the linear nature of the characteristic in the former case. 


Effect of Ambient Temperature 

Neglecting the term containing rp and making use of 
equation (2) for re the output would be found to depend on 
temperature through the temperature sensitive factors K, 
I, and 2. With a compensating resistance R, as shown in 
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Fig. 3. Variation of the output with the temperature for different input 
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Fig. 4. Variation of output with temperature for different input current with 
the compensating element present for transistor type OC602 (v. = SmV) 


OUTPUT 
b 








whence: 
To=4( (Jin — (KT QR) — To) + V { (lin — (KT | QR) — Io)? + Aline } ] 
EAR (7) 
so that 
io = SM [C1 — KT /qRlin) + (ol a)) 4 


V {(1 — (KT /qRIn) — (./Ta))* + 4(lo/ Tin) } |... . (8) 
With no compensating element, R = © and: 
io = Velina (Q/ kT) (1 + (Lo/Tin)] (9) 


It follows from equation (9) that since « varies relatively 
slowly with temperature i, should fall with rise in tempera- 
ture when /i, is large. This is borne out by Fig. 3 in which 
the output has been plotted as a function of temperature 
for three values of /,, for transistor type OC602. When a 
compensating element is present one obtains from equation 


(8): 


io = Vedlinz (q/ kT) (1 — (KT /qQRIin) + (o/ Tin] ... . (10) 


provided kT/qRIJ, and I,/In are both less than unity. 
Equation (10) shows that for Jin large the output would fall 
with rising temperature. For Jin low, however, the variation 
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of J,/Jin would be the controlling factor and the output 
should rise with rise in temperature. This also is borne out 
by Fig. 4 in which the output has been plotted as a function 
of temperature for three values of Jin for transistor OC602. 

The simplest way to minimize the variation shown in Fig. 
4 would be to connect a negative temperature coefficient 
resistor of the right value of temperature coefficient at the 
collector end and to take the potential drop across this as 
the output. For the OC602 transistor the compensation with 
this method was found to be very good. within the range 
22°C to 35°C for Jin vaiues between 0-1 to 0-SmA. The drift 
may also be reduced by using a second grounded base 
amplifier stage following the first. As is shown from Fig. 3, 
for an uncompensated stage, the output tends to fall with 
increase in temperature; the rate of fall being a function 


R.F from low 


impedance of 


source 





Output 


Fig. 5. Transistor amplitude modulator 





Fig. 6. Oscillogram of the —_ an obtained with the circuit 


shown in Fig. 


of Jin. The rising tendency of the output from the first stage 
may thus be reduced by properly selecting the bias for this 
second stage. 


Some Practical Applications 


The fact that the a.c. output of a grounded base transistor 
amplifier may be made to vary linearly with the direct 
current input Jin and the a.c. signal input voltage ve. over 
a fairly wide range of operating conditions may be utilized 
to construct a number of useful devices. Its possible applica- 
tions as a d.c. amplifier and an analogue multiplier have 
already been mentioned. Another possibility is its use as an 
amplitude modulator, Experiments carried out on the use 
as a modulator and as a multiplier gave very encouraging 
results and are briefly described below. 


AMPLITUDE MODULATOR 


A simple modulator circuit using transistor type OC602 
is shown in Fig. 5. The modulating voltage was connected 
in series with the source supplying Jin and the frequency of 
the signal ve was set at the carrier frequency. A typical 
modulated wave obtained with a carrier frequency of 
100kc/s and a modulating frequency of 400c/s, is shown 
in Fig. 6. Measurement with a distortion analyser gave the 
results as shown in Fig. 7, in which the measured values of 
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percentage distortion are given as a function of percentage 
modulation for two values of Jin. The results indicate that 
the modulation is sensibly distortionless even for large per- 
centages of modulation. The thermal drift could be reduced 
by connecting a negative temperature coefficient resistor at 
the output and confining the operation within the range 
0-1 < Jin << 0-5mA. It is to be noted that with transistor 
type OC602 operation at higher values of carrier frequency 


o 


—— For J,,=O-2mA 
onaeme For J,=O-3mA 


a 


N 
\ 

\ 
\ 








iO 20 30 40 50 60 70 80 
MODULATION (percent) 


ENVELOPE DISTORTION 
{ percent) 
O° 


Fig. 7. Variation of percentage distortion of the envelope with percentage 
modulation for different input currents 
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Fig. 8. Multiplier characteristics of OC602 compensated by 1k© at 32-5°C 
(a) Output/input d.c. bias with the input a.c. voltage as parameter 
(b) Output/input a.c. voltage with the input d.c. current as parameter 


was not possible. Nevertheless, it establishes the possibility 
of the device and, with transistors having high cut-off 
frequencies, modulators employing this principle could be 
designed to operate at much higher frequencies. 


ANALOGUE MULTIPLIER 

The basic element of a multiplier circuit using type 
OC602 transistor is shewn in Fig. 1. A set of characteristics 
giving the output as a function of Jin with v. as a parameter 
is shown in Fig. 8(a). The characteristics giving the output 
as function of v, with Ji, as parameter are also shown in 
Fig. 8(b). The characteristics show that with resistive com- 
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pensation the device gives satisfactory operation over a 
wide range of values of Ji, and ve. From a practical point 
of view, however, it is important that it also stands the test 
of thermal drift, frequency response and of long-term drift, 
if any. In testing these points an accuracy of response within 
5 per cent was adopted as being tolerable. 

With regard to drift due to variation in ambient tem- 
perature the arrangemeat ccnsisting of a negativ2 tempera- 
ture coefficient resistor at the output was found to be quite 
satisfactory. 

Curves giving the relative response as a function of fre- 
quency with Jin as parameter are shown in Fig. 9. These 
curves show that in respect of the variable v. the response 
does not fall below 95 per cent of the low frequency value 
up to a frequency of 20kc/s even at high values of Jin. 
Experiments carried cut with a modulator circuit as 
described above showed that in respect of the variable Jin 
the response is satisfactory up to about this value of 
frequency. The bandwidth of the multiplier element should, 
therefore, be about 20kc/s. The figure would obviously 
be higher if, as is usual, the bandwidth is measured up to 
the frequency at which the response is 3dB below the low 
frequency value. The position may be further improved by 
using transistors with higher values of cut-off frequency. 
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Fig. 9. Frequency response characteristics for different input currents of 
a multiplier using transistor type OC602 at 32-5°C 














RELATIVE RESPONSE 


It is thus seen that with regard to bandwidth the device 
shown in Fig. 1 would be superior to many of the existing 
types of multiplier. 

As regards long-term stability it is to be noted that 
observations lasting over 6 hours did not show any measur- 
able variation of response. 

It may be pointed out that a great advantage of the multi- 
plier element described above is that the multiplied output 
appears as an a.c. signal which enables one to avoid the use 
of d.c. amplifiers for subsequent amplification. 


Conclusion 

The linear variation of the input conductance with the 
direct current input of a junction transistor amplifier in the 
grounded base mode of operation may be improved con- 
siderably by using a resistive compensating element at the 
input. The thermal drift can be minimized by simple 
methods. A transistor thus compensated may be utilized to 
construct an amplitude modulator giving faithful modula- 
tion envelope and an analogue multiplier having a very 
good frequency response. 
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A High-Speed Ferrite Storage System 


C. J. Quartly*, M.A. 





A square loop ferrite storage system is described which overcomes the limitation on speed imposed 


by the core material when used in a conventional store using coincident drive selection. 


Each 


digit is stored as a difference in flux levels in two cores which are only partially switched during 

the writing operation. Measurements made on a pair of cores show how the output during reading 

varies with write pulse duration and amplitude and with digit pulse amplitude. The use of this 

principle with external word selection enables a read/write cycle time of O-Susec to be achieved 
in a small store. 


(Voir page 775 pour le résumé en francais: Zusammenfassung in deutscher Sprache Seite 780) 


At the present time practically all high speed random 
access stores uSed in recently developed computers 
are matrix stores using small toroids of square loop 
ferrites as storage elements. With conventional methods 
of selection and driving’ these have proved very success- 
ful from the point of view of reliability, ease of access and 
power requirements. However, these methods suffer from 
the limitation that the fastest cycle time achievable in a 
practical machine is about Susec depending on the system 
used and the size of the store. This speed has proved 
adequate for 1 to 3Mc/s serial logic using valves or tran- 
sistors. Some problems require a computer working much 
faster than this and an increase in speed by a factor of, 
say 10, in both the logic and the store would be very 
desirable. The faster logic may now be achieved with the 
aid of newer types of transistor so that there is a require- 
ment for a store with a cycle time of 0-5 to lusec. Various 
storage methods have been proposed for obtaining this 
speed including square loop ferrites*, thin magnetic 
films**-°, metal tape cores’ and low temperature devices*’. 


In view of the fact that square loop ferrite cores are 
readily available, whereas the materials needed for the 
other methods still require further development, the former 
are more likely to provide a working store in a short time, 
assuming a suitable system can be found. From pre- 
liminary investigations it appears that one particular system 
has many advantages. This is described below together with 
the results of measurements already carried out. 


Basic System 

The system described here is similar to one described 
by Rajchman”™ which was used for easing the output dis- 
crimination problem when using ferrite plates at normal 
speeds. 

The present system differs in that short high current 
pulses are used which only partially switch the cores during 
the write process. 


A word access system is used. For each digit stored two 
cores are arranged as in Fig. 1. They are both supplied 
by a digit pulse, at the same time as the write pulse. 
One core is arranged to experience the effect of the sum 
and the other core the difference of these two pulses. The 
digit pulse is of one polarity if a ‘1’ is to be written and 
of the opposite polarity for a ‘0’. The operation depends 
on the fact that the core in which the digit pulse adds to 
the write pulse receives a larger drive than the other, in 
which the two pulses are in opposition, and will con- 
sequently switch further during the writing period. When 
reading takes place both cores are returned to point P 
and the output of the core which has been switched 
further will be greater than the output from the other. 
Since the core outputs are in opposition on the output wire 
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the polarity of the combined output indicates which digit 
has been stored. 


The apparent advantages of this system are as follows: 
(1) HEATING 


In this system self heating of the cores is not a serious 
problem with read-write cycle times down to O-5yusec. 
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Fig. 1. Arrangement of cores and resultant waveforms 
Firstly. since the cores are only partially switched, the 
amount of heat generated is less. Secondly, and more 
important, although the quantity of flux stored may change 
with temperature, the difference in flux between the two 
cores is used'to determine the digit stored and this differ- 
ence will not change sign due to temperature changes. 


(2) PLANE WIRING 


The wiring of the storage planes is simple in principle, 
(Fig. 2) since it only requires co-ordinate wires and does 
not involve diagonal wires or small coupling loops. In 
practice it may be a problem to reduce the direct pick up 
between the drive and output wires to an acceptable level. 
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(3) DISCRIMINATION 

The discrimination between a ‘1’ and an ‘0’ should be 
much easier than in some systems since the outputs are of 
opposite polarities. 


(4) DRIVE CURRENTS 

None of the current drives is critical in amplitude. The 
read drive pulse must not be smaller than the sum of the 
write drive and digit pulses to ensure that both storage 
cores are always returned to saturation before writing. The 
‘1’ and ‘0’ digit pulses should be similar in amplitude. 
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Fig. 2. Wiring of storage planes 
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Fig. 3. Effect of remanance 


(5) Drive PuLSE GENERATION 

The impedance presented by the cores to the drive pulse 
generators is the same regardless of the information stored. 
This could be an advantage when considering the design of 
these generators. 


Core Properties 

In this system two core effects are met which do not 
arise in conventional matrix stores used at lower speeds. 
Both of these are advantageous though not essential for the 
basic storage principle as described above. 

The first concerns the switching time of cores when they 
are driven into saturation from various values of remanent 
Magnetization. Fig. 3(b) shows the outputs obtained by 
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applying a constant amplitude read pulse to a core which 
has been previously set to remanent states A to D in Fig. 
3(a). It can be seen that considerably lower switching times 
are obtained from a partially switched core than from one 
which is switched from one saturation state to the other, 
although the exact switching time from a given state 
depends to some extent on the setting pulse used. 

The second property is concerned with the viscosity 
effect which has also been found in metal tape cores’. 
Pulses very much larger in amplitude than the d.c. coercive 
force may be repeatedly applied to a saturated core with- 
out causing any appreciable irreversible change of flux 
provided that the pulses are shorter than a certain length 
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Fig. 4. Idealized curves of switched flux against driving field 
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Fig. 5. Optimum write pulse amplitude against pulse length 


which varies inversely as the amplitude. The idealized 
curves of Fig. 4 show the amount of switched flux plotted 
against driving field for various drive puise lengths. It can 
be seen that the viscosity effect which is only significant 
for drive pulses shorter than O-lysec, leads to a higher 
rate of change of ® with H than would result if it did not 
exist as indicated by the dotted lines. This means that even 
with a fast write pulse of large amplitude the two cores 
can be set to significantly different states of flux without 
using a large digit pulse. 


Measurements 


Initial measurements have been made on this system 
using a pair of 0-050in o.d. cores, type FX2140, which 
have a d.c. coercive force equivalent to a current drive of 
slightly less than 0-1At. 

The variation of optimum write pulse amplitude, i.e. 
the amplitude which provides maximum read output, with 
write pulse length is shown in Fig. 4 and the effect of 
different values of digit current is shown in Fig. 6 for 
write pulses of length 0-1 and O-S5usec. As expected, the 
output increases as the digit pulse increases but since the 
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Fig. 6. Outpst against write and digit currents for write pulse lengths of 
0-5 and 0-I/sec 


(a) Read pulse 0-3At 
(b) Read pulse 0-SAt 


digit pulse passes through other words its maximum ampli- 
tude is limited by the disturbing effec: on the partially 
switched cores in these words. This cisturbing effect is 
rather worse when the disturbing pulse is in the opposite 
direction to that used when the information was written 
and Fig. 7 shows the percentage loss cf output after a 
large number of disturbing pulses plotted against the dis- 
turbing pulse amplitude. 

It can be seen that digit pulses of 30 to 40mA can be 
tolerated and will provide an adequate output. 

In all the above measurements a rectangular drive pulse 
with a fast rise-time was used but the system will work well 
with half sine wave pulses if required. 

The drive pulses needed for a storage cycle time of 
2usecs are well within the capabilities of currently avail- 





Semiconductor Production 


The semiconductor factory of the General Electric Co. Ltd. 
at Hazel Grove, Stockport, Cheshire, is now in full production 
and is producing some 70000 transistors and diodes per week 
while a further 50000 diodes per week are being produced at 
the G.E.C. Radio Works, Coventry. 

The factory at Hazel Grove first became available in 1956 
and a feature of the production there is the high average 
yields that are obtained; for the factory as a who'e the average 
yield is between 70 and 80 per cent, while for one device 
it is as high as 90 per cent. Unlike some semiconductor 
manufacturers, the G.E.C. has not considered it necessary, or 
desirable, to air-condition or maintain  suver-cleanliness 
throughout the factory: rather they have aimed at a general 
air of cleanliness throughout the factory with small super-clean 
areas and the fairly extensive use of glove toxes. 

Although few of the actual manufacturing processes emp'oyed 
could te described as fully automatic, wherever possible jigs 
are employed and in a numter of cases these are made by 
watchmaking techniques to the standards of that industry. 

The very wide range of semiconductors produced includes 
low power audio frequency, radio frequency and power 
transistors; low power silicon junction dicdes; and medium 
power silicon junction, diffused junction silicon, and germanium 
junction rectifiers—over 100 types in all—at Hazel Grove. In 
addition, about 30 types of radar mixers and point contact signal 
diodes are manufactured at Coventry. 

Among the novel techniques which are employed is a glass- 
ing centrifuge which is used to ensure the maximum efficiency 
of the glass-to-metal sealing process. The centrifuge, which was 
developed at the Company’s Research Latoratories at 
Wembley, consists of a rotating annular shaped boat and fitted 
lid which is enclosed in a firebrick enclosure. The boat, which 
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able transistors and there seems to be no reason why a 
store of this type should not be fully transistorized. 


Conclusions 

For initial measurements the system described above 
shows promise for achieving store cycle times from 0-5 to 
2usecs and may well form an economical solution for 
filling the gap between the speeds available from conven- 
tional ferrite stores and those using other principles such 
as super-conductivity. 
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is flushed with an inert gas, is heated by a bank of gas jets 
located in the enclosure. The method of operation, once the 
components have been assembled and jigged and placed radially 
in the toat, is completely automatic. 

The cycle is started by setting the speed of rotation to the 
required level. The brick lid automatically descends to enc!ose 
the rotating boat and triggers the gas/air supply which heats 
the boat and contents to a preset temperature. The temperature 
is controlled for a given period after which the gas is turned 
off and forced air cooling under controlled conditions affects 
the annealing of the seals which are still in the inert atmosphere. 
A further period of uncontrolled cooling reduces the boat and 
contents to handling temperature. 

The final hermetic sealing of the transistor envelopes is 
carried out by cold welding. The apptication of the process to 
transistors was a G.EC. invention and has since teen adopted 
by many other, including some American, companies. The sur- 
faces of the meta!s to te joined must te cleaned tefore com- 
pression between dies to give a welded joint. The surface films 
remaining after cleaning are dispersed by the controlled lateral 
flow of the mating surfaces and contact under pressure is 
ottained tetween perfectly clean metals. In this way a true 
homogeneous weld is obtained without the application of heat. 

In a cold welded joint the metal is truly continuous across 
the weld. The electrical and thermal conductivities of the joint 
are therefore equal to those of the parent metal. Co!d we'ded 
joints are thus particularly suitable for the hermetic sealing 
of semiconductors, the absence of heat, so'der, flux vapour, 
weld flash or gas flames, ensuring that there is no damage to, 
or contamination of, the device during the sealing process. 
This is a tasic requirement for long life stability. és 

A new method of ‘cr+stal dicing’ has teen developed. This 
is known as diamond scriting ard it is claimed to te twelve 
times faster than the saw-cut technique it is replacing. 
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All-Metal Bakeable Taps for High Vacuum 


By N. W. Robinson,* Ph.D., A.R.C:S. 


In an increasing number of microwave and image intensifier tubes it is becoming necessary to 

create vacuums of the order of 10-“mm Hg. This may be accomplished by a system described 

by Alpert: in this system a greaseless isolating tap is a necessary component, In this article a 
suitable all-metal bakeable tap is described und its performance enumerated. 


(Voir page 775 pour le résumé en frangais: Zusammenfassung in deutscher Sprache Seite 780) 





: problem of attaining vacuum in a system better 
than that obtained from diffusion pumps was shown 
by Alpert', to depend upon being able to isolate the sys- 
tem by means of a greaseless tap and then continue to 
pump with an ionization gauge. Pressures of <10-°mm 
Hg have been obtained in this way and undoubtedly pres- 
sures of this order will become commonplace in pumping 
tubes in which the presence of traces of gas has a bad effect 
on noise (as in microwave and transmitter tubes) or on 
‘background ’, (as in image intensifier tubes). 

Alpert described a simple metal tap in which the seal was 
made by ramming a hard conical plunger into a circular 
orifice in soft copper, the plunger thus making its own 
seating. The method has been widely copied with varying 
degrees of success, and this article describes taps which 
have been used satisfactorily in The Mullard Research 
Laboratories for many years. 

Fig. 1 shows two taps almost identical with those des- 
cribed by. Alpert. That on the right-hand side (a) is shown 
without the actuating screw and with a bridge piece to 
hold the tap open while baking. The actuating screw (b) 
is shown in front of the picture. The second tap (c) shows 
a production model with the actuating mechanism in 
position. An assembly drawing showing the construction of 
the tap is shown in Fig. 2. 


Baking 


All the materials used in the tap 
can be baked to approximately 
600°C but in practice the baking tem- 


Tubulation 


As shown in Fig. 1, the input and output tubulations, 
which are lin diameter, may be arranged at any position 


- 





Fig. 1. Two taps similar to those described by Alpert 
(a) Without actuating screw 
(b) The actuating screw 
(c) A production model with the actuating screw in position 





perature is limited to 450°C, which 
is the maximum temperature the glass 
will withstand. In some circum- 
Stances it is impossible to bake the 














tap along with the remainder of the 
glass work and an electric soldering 
iron element is therefore attached to 












































the back of the support, as shown in 
Fig. 1. With this element it is possi- 
ble to raise the temperature of the 
main body to 300°C. If the tap is 
lagged with heat insulating material 
the temperature will be subsiantially higher. During 
baking the tap must be kept open by screwing the plunger 
up to a bridge piece which spans the body of the tap. After 
baking, any scale formed on the screw threads must be 
removed by a wire brush to prevent the screws binding 
IN use, 
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Fig. 2. The construction of the tap 


relative to the main body, but that shown on the right- 
hand tap is considered the most generally useful. Since 
the tap is normally mounted rigidly on a bench, the glass- 
work attached must have sufficient flexibility to take up 
strains due to baking. This is ensured by incorporating 
loops or U bends in the connecting tubing. With the 
tubulations as shown it is almost impcssible to incorporate 
the tap in a glass system without employing U bends. 
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Operation 


The force on the piston is exerted by means of a 
differential screw operating between the plunger and the 
barrel. A torque of about 30lb ft is required, which can 
be applied by a man using a spanner about 8in long. 
Above a certain limit there is no advantage to be gained 
by applying increased torque. 

The tap can also be operated by an electric motor 
coupled to the differential screw, so that it may be opened 
and closed by push-button control. 


Tests 


The taps have been tested using the arrangement shown 
in Fig. 3. One tap is used as a manifold tap to isolate the 
section to the left of the tap from the diffusion pump. 
The section between the test tap and the manifold tap 
encloses a known volume, including an ionization gauge. 
The ionization gauge is run at very small electron current 
to minimize pumping. The system is baked to 450°C for 
three hours with both taps open, both taps are then closed 
and the pressure in the enclosed volume is measured over 
several minutes until a steady value is reached. The pres- 
sure may show a slight fall over the interval of a few 
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Fig. 3. Arrangement used for testing the taps 


minutes due to ion pumping, depending on the electron 
current. This rate is determined by observations of pressure 
with time. The glass tip is then broken and measurements 
of pressure and time taken over a period of minutes or 
hours, depending upon the rate at which the pressure rises. 

It is found that the pressure rises sharply almost 
immediately the tap is broken and thereafter may continue 
to rise at a much slower rate, This effect is due to gas 
molecules being driven from the inner surface of the dia- 
phragms due to the impact of the atmospheric pressure on 
the exposed surface. The subsequent rise in pressure is 
determined by the leak rate. 

There may be a leak rate in the manifold tap but the 
measurements of pressure versus time, taken before 
breaking the tip, give the combined effect of pumping by 
the ionization gauge and leakage through the manifold 
tap. The leak rate of the manifold tap is in any case very 
small since the pressures on each side of the seal are almost 
equal. 

If pomm Hg is the initial pressure before breaking the 
tap, pimm Heg is the pressure after ¢ seconds, V litres is the 
volume of the enclosed space and A is the atmospheric 
pressure in mm Hg, then 

Conductance = mn 
Poe 

The conductance measured in this way is higher than 
that obtained when pressures are so low that the mean- 
free path of the molecules is long, compared with the 
linear dimensions of the tap on both sides of the dia- 
phragm, but for practical purposes the method is easy. to 


litres / second. 
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do and gives directly the performance of the tap when 
used to shut-off a system temporarily against atmospheric 
pressure. 


Results 

The taps are found to have a continuously variable 
conductance from 0-3 litres/second when open to <10-” 
litres/second when closed by a torque of 30 to 35 lb ft. 
Intermediate values can be cbtained and the taps may be 
used as uncalibrated leaks for mass spectrographic work. 

These taps are widely used throughout the Mullard 
Research Laboratories and, although systematic life tests 
cannot be reported, many of them have been in constant 
use On normal pump benches for about two years. 

A second tap, similar in construction to the first, but 
with 18mm _ bore tubulation and modified acutuating 
mechanism, is illustrated in Fig. 4. The tap may be 
mounted in several different positions on the stand and 





inches 


Fig. 4. A tap with 18mm tubulation and modified actuating mechanism 


may be fitted with flanges for incorporation in an all-metal 
pump system. The sealing flanges and sealing rings are 
shown alongside the left-hand tap in the photograph. The 
sealing method is that described previously and the tap is 
fully bakeable without adjustment during and after bake’. 
The conductance is continuously variable from 3 litres/ 
second to < 10-™” litres/second at a torque of 35 Ib ft. 
Some of these taps have been in use on pump benches for 
more than a year and are still in good condition. 

As in all types of metal taps, the chief cause of deteriora- 
tion is contamination resulting from frequently letting 
them down to air while another tube is inserted in the 
manifold. This contaminaticn cannot be cleared completely 
by baking to 450°C, with the result that the performance 
may deteriorate during life. Most of the taps have a closed 
conductance of considerably less than 10-” litres/second 
when new—indeed the average is about 10-™ litres/second 
—while many have been made with zero conductances. 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


A Methed of Measuring the Output 
Impedance of a Stabilized D.C. Power 
Supply 

DeEaR SiR,—In a recent experiment on 
a design of a stabilized d.c. power supply, 
it was found desirable to be able to 
measure the output impedance of the 
supply while adjustments were made in 
the power supply circuit, and to view, 
at any rate qualitatively, the output im- 
pedance over a continuous range of load 
current 0 to 1A _ simultaneously. The 
power supply in question employed vari- 
able positive current feedback, which 
made a negative output impedance pos- 
sible. The method of measurement used 
enabled this negative output impedance 
to be otserved and measured readily. 
There is no danger of instability unless 
the load impedance is less than the 
numerical value of the output impedance, 
a condition which could not be achieved 
in the power supply in question. 


rw «CoO. 
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Fig. 1. Method of measurement 


The method adopted is shown in Fig. 
1. The base of an npn silicon power tran- 
sistor was driven by an audio oscillator, 
so that the transistor conducted a half- 
wave sinusoidal current. A double-beam 
oscilloscope was used to examine the 
emitter current (which was taken as equal 
to the collector current) and the voltage 
waveform across the power supply out- 
put terminals. If the base of the 
transistor was driven by a sawtooth wave- 
form, the output impedance at different 
current levels could be measured more 
easily, and the linearity of output im- 
pedance with current would be more 
easily observable. 

It is felt that this is a simpler method 
of measuring low output impedance than 
the conventional ‘ backing off’ method. 
Also, the output impedance can be 
measured at a variety of frequencies, up 
to 1Mc/s with the type of transistor used 
(T.I. 28012). 


Yours faithfully, 
B. T. DENvirR, 


Texas Instruments Limited, 
Bedford. 


A Graphical Design Method for 
Non-Linear Resistive Devices 
Dear Sir,—There is a tendency when 
dealing with non-linear elements such as 
Varistors to assume that the easiest de- 
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sign procedure is an intuitive ‘cut and 
try’ approach. A graphical approach 
however often proves the quickest and 
easiest method of analysis and design and 
certainly offers a clearer insight into the 
behaviour of the circuit. 
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Fig. 1. Typical V-I characteristics 


Non-linear devices generally have a 
V-I characteristic which is either of the 
type A or B in Fig. 1. Although the V-/ 
plot is normally known or easily ob- 
tained for a non-linear element, this plane 
is not the most useful for graphical de- 
sign. The resistance current characteristic 
of the device is of more practical use in 
design work. This plot has been suggested 
for analysing the time varying current 
effects also’. Resistance in this plane is 
defined as the ratio of voltage to current 
at any particular value of current. 

A resistance-current plane carries as 
an implied auxiliary parameter a voltage 
which is equal to 7/R at any point. Con- 
stant voltage lines may therefore be 
plotted on the R-/ plane giving a com- 
plete representation of R, V and J. Re- 
sistors in series, whether linear or not, 
may be added along constant current 
lines while one may move to parallel 
branches by traversing constant voltage 
lines. It is possible by this method to 
analyse the various currents and voltages 
in a non-linear circuit. 


Fig. 2. Graphical design 
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To illustrate this procedure, a meter 
protection circuit of the type shown in 
Fig. 2 will be designed. The moving-coil 
meter has a f.s.d. of 100mA and an inter- 
nal resistance of 0°62. It is anticipated 
that line surges of 0-5A will occur and 
the meter current is not to exceed 100mA 
under these conditions. The non-linear 
elements have resistance-current charac- 
teristics as shown in Fig. 2. Rg is a sili- 
con diode and R; a 100mA fuse. 

The steps in the design are as follows: 

(1) Plot all resistance characteristics on 
the R-/ plane. In this example the 
meter and fuse resistance have 
teen combined in one line. 

(2) Choose a meter current of 100mA 
(maximum conditions) and find 
intersection with Ry line (point (a)). 

(3) Proceed down the constant voltage 
line to the 400mA line (point (b)). 
This is the desired current in the 
diode branch. It is necessary to 
add a resistance of R,2 to limit 
the current to 400mA. 

(4) A new (R, plus R,) curve can now 
be plotted. 

(5) The circuit response can now be 
predicted by assuming various 
meter currents and finding the 
corresponding diode current, i.e. 
choose say 80mA of meter current, 
find the intersection with R, line. 
Proceed down constant voltage to 
(Ra plus Rs), read Ja. The meter 
current plus the diode current must 
be the total line current. 

A plot of meter current against line 
current for predicted and measured values 
is shown in Fig. 2. It is possible from 
this plot to see the contribution to the 
protection curve of each element and it 
can quickly be seen what the effect of 
additional shunt or series non-linear 
resistors would be. 

The example used as an illustration 
combines the effects of adding linear and 
non-linear elements in series and parallel. 
The important considerations are the 
same as in normal circuit analysis. The 
series elements must be added along con- 
stant current lines and to move to a 
parallel branch one must move via a 
constant voltage line. The method pro- 
posed is sufficiently general to permit 
the analysis of any circuit in which the 
d.c. voltage-current characteristics must 
be evaluated. 

Yours faithfully, 
B. A. BOWEN, 
University of Syracuse, 
Syracuse, N.Y. 
REFERENCE 
1. Hotproox, G. W.. Dutmace, A. L. Some 


Characteristics of Metallic Varistors. Electronic 
Engng., 29, 386 (1957). ° 


Correction 

In ‘The Author Replies’ by J. F. 
Young on page 623 of the October 1959 
issue, the second sentence in paragraph 
one should read: “The effect with a parti- 
cularly bad tube is shown in the photo- 
graph. The effect can be compensated by 
the use of potentiometers in the cathode 
circuits, though this is a complex solu- 
tion.” 
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Short 


Some of the results obtained with the 
Jodrell Bank Telescope were announced 
during the visit of H.R.H. the Duke of 
Edinburgh last month, and among these 
was the development of the technique by 
which radar echoes were obtained from 
the planet Venus at its close approach 
to the earth in September. The experi- 
ment was carried out by a group of scien- 
tists headed by Dr. J. V. Evans. The 
transmitter, part of which was mounted 
on the telescope and part on the ground, 
consisted of a klystron working on a 
frequency of 408Mc/s transmitting pulses 
of 1/30sec duration every second. This 
klystron was originally designed by Pro- 
fessor S. Devons, Langworthy Professor 
of Physics in the University, as part 
of a linear accelerator for research in 
nuclear physics. Some of the associated 
transmitter equipment was provided by 
the English Electric Co. of Stafford, and 
part of the expense of the installation 
was borne by a grant from the Electronics 
Directorate of the United States Air 
Force. On account of the great distance 
of the planet special arrangements were 
necessary to integrate the received sig- 
nals over considerable periods of time. 
The preparations for this experiment took 
several years and the planet was already 
receding from the earth before the first 
tests were made in mid Septemter. The 
distance was then 30 million miles, and 
the radio waves took Smin to travel from 
Jodrell Bank to Venus and back. The 
procedure consisted of setting the tele- 
scope in automatic motion to follow the 
planet across the sky; transmission of the 
radar pulses were then made for Smin, 
the transmitter was then switched off and 
the received power integrated for Smin. 
This process was repeated continuously 
and altogether about 60 hours’ observa- 
tions were made before the planet re- 
ceded out of useful range at the end of 
Septemter. The results indicate that the 
integrated echo occurred at the range 
suggested by the previous experiments 
carried out at Millstone Hill in America. 
The value of the solar parallax derived 
from this work is 8-8020 +0-0005 seconds 
of arc and can be regarded as a valuable 
clarification of the diverse values obtained 
by optical measurements over the past 
century. The intensity of the received 
echo was considerably less than that ex- 
pected from theoretical calculations, and 
from that indicated on the basis of the 
Millstone results. The reason for this may 
either be connected with some peculiari- 
ties in the reflecting properties of the 
surface of Venus, or with the speed of 
rotation which is assumed to be about 
23 days but cannot be determined by 
visual means because of the thick cloud 
cover of the planet. The resolution of 
these uncertainties would require the use 
of more powerful transmitting equipment. 
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The Institution of Electrical Engineers 
has arranged a Christmas Holiday Lec- 
ture to te given in the Lecture Theatre 
at Savoy Place, London W.C.2, at 3 p.m. 
on Wednesday, 30 Decemter 1959 and 
to be repeated on the following after- 
noon, Thursday, 31 Decemter at the same 
time. The subject of the lecture, which 
will be delivered by Mr. G. G. Gouriet 
will be ‘Colour Television’. This is the 
fourteenth year in which The Institution 
has organized these Christmas Lectures, 
and an effort has been made to evolve a 
suitable technique for their delivery to 
schoolchildren, so that they may be of 
the maximum interest and benefit to 
them. 


The Radio Trades Examination Board 
has recently announced the results of the 
1959 Radio Servicing Examination and 
Television Servicing Certificate Examina- 
tion. Of the 1 869 candidates who entered 
for the Radio Servicing Examination, 547 
were successful, 291 were referred in the 
practical test and 1 099 failed. This repze- 
sents the highest failure rate since tac 
examination was first started in 1944, 
The main cause of failure was the second 
written paper although the overall results 
were also poor. The practical test was 
carried out on the “Trainer-Tester” 
system for the first time and proved to 
te a very satisfactory form of testing 
fault diagnosis. The Television Servicing 
Certificate results were very much better: 
485 candidates were entered, of which 
209 qualified for the award of the Certi- 
ficate, 94 were referred in the practical 
test and 160 failed. 
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Price £3 5s. Od., post free. 
Cases for permanent binding of volumes 
Price 7s. 6d. each, postage 9d. 
The Index for Volume 31 (1959) free on 
publication. 











News Items 


The Electronic Forum for Industry— 
E.F.F.1.—held its second Open Day in 
London last month under the chairman- 
ship of Mr. C. Metcalfe, managing 
director of E.M.I. Electronics Ltd, when 
representatives of twelve ‘ user’ associa- 
tions were present. Three films were 
shown illustrating the role of electronics 
in industry and commerce and this was 
followed by an open forum at which 
representatives of the electronic industry 
answered questions posed by users, 
E.F.F.I. was formed in Fetruary of last 
year for the interchange of ideas between 
the rapidly expanding electronic industry 
and the growing number of user associa- 
tions. Constituent members are, British 
Electrical and Allied Manufacturers’ 
Association (BEAMA), British Radio 
Valve Manufacturers’ Association 
(BRVMA), Electronic Engineering Asso- 
ciation (EEA), Machine Tool Trades 
Association Inc. (MTTA), Office Appli- 
ances and Business Equipment Trades 
Association (OABETA), Radio and Elec- 
tronic Component Manufacturers’ Federa- 
tion (RECMF), Scientific Instruments 
Manufacturers’ Association (SIMA), and 
Telecommunication Engineering and 
Manufacturing Association (TEMA). 


The Eighth Annual Convention of 
the Scientific Instrument Manufacturers 
Association was held at Brighton on 22 
to 24 October under the presidency of 
Mr. L. A. Woodhead, Cossor Instruments 
Ltd. The theme of the Convention was 
‘Instruments of Destiny’ and was dis- 
cussed in four panels. The panels con- 
sidered a number of subjects under the 
headings of ‘ Instruments of the Future’, 
‘Future Materials and Production Tech- 
niques ’, ‘ Organizing for the Future’ and 
‘The Individual and the Company ’. The 
discussions covered the Nuclear Age, the 
Space Age, and the conditions, techno- 
logy, instruments and components that 
would be needed in the future, including 
such purposes as ballistic missiles and 
satellites. The organizational, marketing 
and financial needs of the forward look- 
ing company were covered, and a number 
of subjects from the aspect of the in- 
dividual in regard to such things as 
health, financial rewards, pensions, étc. 
were dealt with. Among a list of distin- 
guished speakers were The Rt. Hon. Lord 
Piercy, C.B.E., chairman of the Industrial 
and Commercial Finance Corporation 
Ltd.; Professor H. S. W. Massey, F.R.S., 
Quain Professor of Physics, University 
College of London; Dr. H. M. Finniston, 
B.Sc., Ph.D., A.R.T.C., F.I.M., research 
manager of Nuclear Research Centre, 
C. A. Parsons & Co. Ltd; Dr. H. Beric 


Wright, M.B., F.R.C.S., Head of the 
Medical Research Unit, Institute of 
Directors. 
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The Microwave Research Institute of 
the Polytechnic Institute of Brooklyn 
announce that the tenth of its annual 
International Symposia will te held at 
the Engineering Societies Building, 33 
West 39 Street, New York, from 19 to 
21 April 1960. This symposium on 
“Active Networks and Feedback 
Systems” will be sponsored by the De- 
partment of Defence Research Agencies 
and the Institute of Radio Engineers as 
in the past. One of the aims of this sym- 
posium is to seek a unity of approach to 
the problems in the broad fie!d of active 
networks, particularly with regard to 
linear systems. It will also present specific 
aspects of the general theory as they 
apply to electron devices and control 
systems. The papers given will include 
the following topics: Physical Realiza- 
bility of Active Networks; Representation 
and Synthesis of Active Networks; Syn- 
thesis of Feedtack Networks; Time Vary- 
ing Systems; Applications of Active Net- 
work Theory to Electron Devices; Appli- 
cations of Active Network Theory to 
Feedtack Systems. The closing date for 
the submission of papers and/or 100 
word abstracts is 15 January 1960. Cor- 
respondence should te addressed to Pro- 
fessor H. J. Carlin, Microwave Research 
Institute, 55 Johnson Street, Brooklyn 1, 
New York. 


Norwood Technical College, Knight’s 
Hill, West Norwood, London S.E.27, will 
celebrate its centenary on 16 and 17 
Decemter 1959 from 2.30 p.m. to 9 p.m., 
when the work of the various depart- 
ments, including the Telecommunications, 
Physics and Chemistry Departments, will 
be displayed by films, demonstrations and 
models. Manufacturers of commercial, 
domestic and scientific electronic appara- 
tus are also contributing a large number 
of exhibits. Admission is free. 


Nash & Thompson Ltd have an- 
nounced that they are now the exclusive 
selling agents in the United Kingdom 
and Commonwealth for KOVO, the 
foreign trade corporation for the Import 
and Export of precision engineering 
products made in Czechoslovakia. 
Among the instruments that will be im- 
ported into the U.K. for the first time 
are the Polaroscope and Polarographs 


designed at Professor Heyrovsky’s 
Polarographic Research Institute in 
Prague. These are widely used in 


Eastern Europe and Baltic countries, a 
fact which was demonstrated by the 
papers read by Czech and Polish scien- 
tists at the International Polarographic 
Congress recently held at Cambridge. 
Possibly the most interesting of these in- 
struments is the P.576  polaroscope, 
which is particularly useful for rapid 
polarographic determinations. An _in- 
teresting feature is that the reversibility 
of the electrode reaction is immediately 
apparent. Other apparatus includes the 
Tesla B.S.242 intermediate electron 
Microscope, telecommunication equip- 
ment, spectrophotometers and electro- 
lytic analysis apparatus. 
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The British Electrical and Allied 
Manufacturers Association held their 
Fourth Publicity Conference in London 
on 3 and 4 Novemter under the chair- 
manship of Mr. C. T. M. Bagnall, when 
some 180 delegates of the memter firms 
attended. The principal topics for dis- 
cussion were Industrial Photography, the 
Role of House Magazines in Industry, 
Editorial Information, Exhititions and 
Publicity Overseas. The report of the 
Conference will be published in the near 
future and will contain the speakers’ 
papers and the discussions. 


Laurence, Scott & Electromotors Ltd 
would like to hear from ex-apprentices 
with whom they have lost touch. It is 
hoped to arrange for a get-together, pos- 
sitly during the run of the Electrical 
Engineers Exhibition next year. Ex- 
apprentices are asked to give details of 
their present whereabouts, either to Mr. 
W. F. Symes at Gothic Works, Norwich, 
or by telephone to Mr. T. J. Barfield at 
Temple Bar 5223. 


Standard Telephones & Cables Limited 
have planned, manufactured and installed 
Malaya’s first main-line trunk micro- 
wave telephone network which was 
brought into service in September last. 
This company has been associated with 
the Pan-Malayan Telecommunications 
Department since 1931, when they in- 
stalled Malaya’s first three-channel carrier 
telephone systems. In recent years the 
major part of the trunk telephone traffic 
in Southern Malaya has teen carried by 
v-h.f. radio links which provided 96 cir- 
cuits between Kuala Lumpur, Malacca 
and Singapore. When increasing demands 
on the service made it necessary to pro- 
vide additional circuits, the Pan-Malayan 
Department of Telecommunications 
anticipated future expansion by installing 
the new microwave system. Initially this 
system is equipped to provide less than 
its full capacity of telephone circuits and 
additions can be made when required. 

The microwave network for Malaya 
comprises six radio links interconnected 
by multiplex channelling equipment to 
provide direct circuits between the vari- 
ous exchanges in the network. 

The main route from Kuala Lumpur 
to Singapore and the spur from Tampin 
to Malacta consists of duplicated S.T.C. 
type RL4C radio equipments of 600 cir- 
cuit capacity. This system operates in 
the 3800 to 4200Mc/s band, using the 
C.C.I1.R. frequency allocation plan. It 
provides an output of 5W from a travel- 
ling wave amplifier which feeds a 10ft 
diameter parabolic antenna via waveguide 
feeders. 

The spur routes from Tampin to 
Seremban and from Kluang to Johore 
Bahru will use the S.T.C. type RL7A 
equipment having a capacity of 240 tele- 
phone circuits. This work in the 7 300 to 
7 500Mc/s band and will also be dupli- 
cated to provide  interruption-free 
service. Eight-foot parabolic antennas are 
used with a transmitter power of 4W. 
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Both systems are equipped with a super- 
visory system providing alarms in the 
case of an equipment or power supply 
failure. This also allows the control 
stations at Kuala Lumpur, Fort Canning 
and Malacca, to initiate certain remote 
control switching operations at the other 
stations which are designed for un- 
attended operation. The supervisory aud 
control equipment of the RL4C empluys 
an independent s.h.f. vehicle channel to 
interconnect all stations on the route. 
The vehicle channel will use the C.C.LR. 
recommended frequencies in the 3 800 to 
4200Mc/s tand. 

The systems are each equipped with 
multiplex channelling equipment of the 
type now usual for wideband radio our 
line telephone systems. This provides up 
to 600 C.C.L.T.T. carrier telephone cir- 
cuits spaced 4kc/s apart in the band 
60kc/s to 2°6Mc/s. Crystal filters enable 
a single stage of modulation to be em- 
ployed in the formation of the basic 12- 
channel group in the frequency band of 
60 to 108kc/s. 

The equipment works from 240V 
single-phase a.c. mains. As is usual on a 
system of this type, motor alternator and 
engine alternator sets, specially designed 
for feeding telecommunications equip- 
ment are used. These are arranged in con- 
junction with standby power plant to 
provide a “no-break” power supply to 
the radio equipment. 


One of the Royal Medals recom- 
mended by the Council of the Royal 
Society, has been awarded to Professor 
R. E. Peierls, C.B.E., F.R.S., professor of 
mathematical physics in the University 
of Birmingham, for his distinguished 
work on the theoretical foundations of 
high energy and nuclear physics. 


Corrections 

In the article ‘ An Electrical Analogue 
for Heat Flow Problems in Semi- 
conductors’ by N. L. Potter on page 454 
of the August issue the following correc- 
tions are Mmecessary :— 


Line above equation (3) should read 
Jy = —kA d/dx (T + dT/dx A x). 
The A is missing. 
Six lines above equation (6) 
AV /x should be AV /Ax 

Line above equation (6) has the = sign 

missing. 

Sixth line below Calibration of the 
Analogue has a small c, which 
should te a large C;, 

Table on page 455 
The symbols below R; C;, R, and C, 
should be respectively 
a7 . cprA, ra and soma 
In the article ‘Charts for Deriving 

Transistor r-Parameters from  h-Para- 

meters’ by G. W. E. Stark on page 592 

of the Octoter issue the last sentence 

before the Acknowledgment should 
read :— 


Finally, subtract this value of r, from 
the known value of hy, to give r. 


ELECTRONIC ENGINEERING 








Design of Transistorized Circuits for 
Digital Computers 


By A. I. Pressman. 324 pp. 219 figs. Medium 
8vo. John F. Rider Publisher, Inc., New York. 
1959. $9.95 


ORE than half of this book is con- 
cerned with the design of various 
arrangements of diode gates having tran- 
sistor invertors at intervals, of similar 
arrangements in which resistors replace 
the gating diodes and of direct-coupled 
transistor logic. Although the basic cir- 
cuits and principles involved here are 
few, well known and quite simple, these 
pages are well worth reading and consti- 
tute the major attraction of the book. For 
each of the arrangements considered, full 
details are given (including arithmetic 
values for a practical design using com- 
mercially available devices) of the pro- 
cedure whereby tolerances of all com- 
ponents and power supplies are taken 
into account and desired switching speeds 
are obtained. The author has obviously 
been intimately concerned with such cir- 
cuits and these pages teach by describing 
practical engineering steps with real 
numbers rather than by discussing dis- 
embodied theory. Another chapter simi- 
larly treats the design of multivibrators 
but this is perhaps not quite so successful. 
The consideration of transistor tran- 
sient response in all designs is a particu- 
larly good point and an early chapter on 
this is also well done. The now classical 
equations of Ebers and Moll are quoted 
and their meaning clearly illustrated by 
many practical values and graphs. Some 
confusion may te experienced here, how- 
ever, owing to the lack of a clearly stated, 
or consistently used, sign convention. 

A chapter on other logic circuits 
(storage and transducer circuits are com- 
pletely omitted), attempts to correct for 
the otherwise somewhat restricted out- 
look, but is rather too brief. Moreover, 
figures 10.3, 10.4 and 10.7 of this chapter 
which illustrate the description of an 
alternative and important approach (ref. 
H. S. Yourke, Trans. I.R.E., Vol. CT-4, 
No. 3) show certain inductances wrongly 
connected and the effect of these is com- 
pletely ignored in the treatment given of 
switching speed, although it may be ex- 
tremely significant. The emphasis in most 
chapters on alloy junction transistors and 
the assumptions permittedly made for 
these may also tend to prevent a wider 
application of some of the ideas described. 

There is a tendency for space to be 
wasted. Diagrams and graphs are often 
larger than necessary and sometimes not 
really justified at all. No doubt the early 
pages on logic and transistor funda- 
mentals are helpful and make the book 
self-contained but one wonders whether 
certain elementary concepts, e.g. binary 
numbers and crystal lattices, need have 
been treated at such length. 


T. W. SHEPPARD 
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BOOK REVIEWS 


Progress in Dielectrics, Vol. I 


Edited by J. B. Birks and J. H. Schulman. 312 
pp. 319 figs. Royal 8vo. Heywood & Com- 
pany. 1959. Price 70s. 


NY doubts as to the need for this 
+ 4 new serial publication in view of the 
annual American ‘Digest of Literature 
on Dielectrics’ are quickly dispelled 
when one finds that the book under 
review is a well produced and generously 
illustrated collection of reviews covering 
many years of publications in a skilfully 
chosen series of fields. These admittedly 
do not cover the wide range of topics 
(some of them marginal) to be found in 
the ‘ Digest’, but any loss in this respect 
is amply compensated by the complete- 
ness, quality and readability of each 
chapter. The publishers would do their 
readers a favour, in any subsequent 
issues, by having section numbers 
printed at the top of each page and 
bibliography page numbers at the foot. 

A panel of authors, drawn from 
Britain and America, consists of names 
farriliar to workers in the field of di- 
electric materials. J. H. Mason (E.R.A., 
Leatherhead) deals with electrical break- 
down in solids, starting with the thorny 
subject of ‘ intrinsic’ breakdown and 
the degree to which theory and experi- 
ment agree, passing on to the more 
practical topic of pre-disposing causes of 
failure (internal discharges, etc.) and 
finishing with a short summary of in- 
sulation testing methods. The biblio- 
graphy consists of 115 entries. 

J. W. Davisson (U.S. Naval Research 
Laboratory) reviews the subject of direc- 
tional effects in the breakdown of 
crystals, bringing out the close ties 
between the crystal structure and the 
complex patterns formed by _partial- 
breakdown paths. The actual mechanism 
of breakdown, however, is still not free 
from doubt. Sixty-five references are 
given. 

The chapter on high-field conductivity 
of dielectric liquids, written by T. J. 
Lewis of Queen Mary College, London, 
surveys the work between 1937 and 1958. 
Recent attempts to unify theories of 
breakdown and conduction have brought 
the former study into some prominence 
in this section, which concludes with a 
useful list of 99 references. 

T. W. Liao and R. E. Plump (G.E. 
Co of America) contribute a chapter 
and 111 references on gaseous dielec- 
trics. It is a pity that the authors’ 
anxiety to avoid becoming involved in 
the intricacies of gas discharges should 
have led to so meagre a discussion of 
the conditions for breakdown. One is 
rewarded, however, in the experimental 
section where, as is to be expected, 
fluorine compounds figure prominently. 
The treatment is practical throughout. 

In the chapter on ferro-electricity by 
Alan D. Franklin (National Bureau of 
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Standards, U.S.A.) barium titanate is 
taken as a representative dielectric in 
this class. and the predictions of Devon- 
shire’s theory illustrated with its help. 
Some useful figures for more recently 
discovered ferro-electrics appear in an 
appendix. The bibliography of 64 entries 
contains only one British contribution 
apart from those by Devonshire. One 
wonders why. 

P. Popper (British Ceramic Research 
Association) contributes a chapter, on 
non-oxide ceramic dielectrics, possessing 
the attractive feature of a substantial 
introductory section on solid-state theory. 
The electrical properties of a wide range 
of compounds are reviewed against this 
background, with the result that the 
chapter, which might have degenerated 
into a dull catalogue, is of absorbing 
interest. The bibliography contains 188 
entries. 

A similar revision course in funda- 
mentals is included in the final chapter 
on electrophoretic deposition of insulat- 
ing materials by one of the co-editors, 
J. B. Birks of Manchester University. 
The chapter covers every significant 
aspect of the subject, from the theoreti- 
cal to the technological, with pleasing 
lucidity. References total 90. 

The publishers are to be congratu- 
lated on this extremely timely, useful 
and well produced book. It will be 
welcomed by all those engaged in the 
field of dielectrics, the more enthusiastic- 
ally because published papers in this 
field are scattered through the literature 
of engineering, physics and _ physical 
chemistry 

K. A. MACFADYEN 


Analysis of Linear Systems 


By D. K. Cheng. 431 pp. 288 figs...Medium 

8vo. Addison-Wesley Publishing Co. Inc., Massa- 

chusetts. Pergamon Press, Ltd, London. 1959. 
Price $8.50. 


| ate since the publication of the first 
volume of Gardner and Barnes’s 
Transients in Linear Systems there has 
been a continual flow of books from the 
United States on the use of the Laplace 
transformation in the study of linear 
systems. Most of them seem to have 
evolved from sets of lecture notes used 
by their authors at some time or other 
but none of them adds very much to what 
is already known of the techniques of 
linear system analysis. Nevertheless, this 
new book by Professor D. K. Cheng of 
Syracuse University is exceptionally good. 

The book has evidently been modelled 
on that of Gardner and Barnes. After an 
introductory discussion of linear systems 
from both the physical and mathematical 
points of view, the classical methods of 
solving linear differential equations with 
constant coefficients are reviewed. This is 
followed by an excellent presentation of 
the fundamentals of linear electrical net- 
work analysis. The elements of an elec- 
trical network are defined, the loop and 
node methods of setting up the network 
integro-differential equations are eX- 
plained, the principle of duality is intro- 
duced and Cauer’s rule for obtaining the 
dual of a given planar network is des- 
cribed. A few typical network problems 
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are solved and the discussion concludes 
with Thévenin’s and Norton’s theorems. 

Following this is a similar presentation 
of linear mechanical network analysis. 
The mechanical network elements are 
defined and the analogy between mechani- 
cal networks, translational and rotational, 
and electrical networks is emphasized. 
Methods of transforming mechanical net- 
works into electrical networks are dis- 
cussed in detail. Both the force-voltage 
and the more natural force-current analo- 
gies are considered. 

At this point the Fourier and Laplace 
transformations are introduced. The de- 
velopment of the Laplace transformation 
from the Fourier transformation is parti- 
cularly well done. The use of the Laplace 
transformation in the solution of integro- 
differential equations and the determina- 
tion of network response to a variety 
of excitation functions, including non- 
sinusoidal periodic functions, is treated at 
length. Also considered are the impulse 
function. the convolution and _ super- 
position integrals, and the inverse Laplace 
transformations of some irrational func- 
tions such as the gamma and error func- 
tions. 

Linear systems incorporating feedback 
are dealt with next. Among the topics 
covered are the use of block-diagrams 
and signal flow graphs in the representa- 
tion of feedback systems and the Routh- 
Hurwitz and Nyquist stability criteria. 
For the purpose of dealing with sampled- 
data feedback systems in which the actuat- 
ing error is supplied intermittently at 
discrete intervals of time, the Z-trans- 
formation is introduced and its properties 
discussed. The Z-transformation is then 
applied to the solution of difference 
equations and to the study of open-and 
closed-loop systems. It is also shown how 
the modified Z-transformation is used to 
determine system response between samp- 
ling instants. The final chapter of the 
took is devoted to the application of the 
Laplace transformation to the analysis 
of systems with distributed parameters. 
Two appendices follow; the first gives an 
account of Graeffe’s root-squaring method 
of finding the roots of polynomials and 
the second contains a list of Laplace 
transformation pairs. 

The book is intended for advanced 
undergraduates or graduates. It is remark- 
ably well planned and easy to read. Lists 
of problems append each chapter and 
answers are provided at the end of the 
book. A knowledge of the Laplace trans- 
formation calculus has tecome a necessity 
for the modern electro-mechanical engin- 
eer. This book can be thoroughly recom- 
mended to anyone looking for a lucid 
textbook on the analysis of linear systems. 


S. R. DEARDS 


Sampled Data Control Systems 


By E. I. Jury. 453 pp. 120 figs. Demy 8vo. 
John Wiley & Sons, New York. Chapman & Hall 
Ltd., London. 1959. Price 128s. 


APID advances in the design and 
application of digital computers have 
markedly increased the interest in the 
field of sample data systems. This is the 
second excellent volume to originate in 


DECEMBER 1959 (0) 


Columbia University. The first by Ragaz- 
zini and Franklin formed an introduction 
to the subject, and the present volume 
which contains much original material 
covers more the application of the theory 
to system design. Obviously a volume of 
this nature is highly mathematical and 
is intended for the practising system 
designer, or qualified engineer. The work 
is based on the notes for a two-year post 
graduate course at Columbia University. 

Application of the Z-transform to 
sample data systems forms an introduc- 
tion to the subject following on from 
servomechanism theory. The use of digi- 
tal computers as the compensating com- 
ponent of feedback systems requires the 
description of the output at all instants 
of time, this is achieved by a modified 
Z-transform method which is completely 
developed. A section on the investigation 
of various mathematical models is intro- 
duced at this stage. A chapter each is 
devoted to the application of the familiar 
root locus and _ frequency response 
methods to sample data systems. The 
author then discusses the synthesis 
problem and introduces a mathematical 
approach to discrete compensators. Con- 
tinuous compensation is well discussed, 
in both the frequency and time domains. 

Of invaluable use to the system de- 
signer will be a chapter on the physical 
realization of discrete compensators. Final 
chapters cover the application of the Z 
and modified Z-transforms to the approxi- 
mate analysis of continuous systems and 
the exact analysis of sample data systems. 
An interesting section on the limitations 
of the Z-transform is included, also the 
application: of the Z-transform to the 
solution of:linear difference equations. 

An extensive bibliography is given, also 
many references are quoted during the 
various chapters. Many examples, both 
solved and unsolved, are included, un- 
fortunately many of them are hypothetical 
cases. 

Worthy of particular mention are the 
many lengthy tables of transforms and 
various sample data system configurations. 
These tables will be extremely useful to 
the system designer. 

E. F. SNARE 


Radio Circuits 


By W. E. Miller and revised by E. A. W. 
Spreadbury. 172 pp. 84 figs. Demy 8vo. 4th 
Edition. Wiffle & Sons Ltd. 1959. Price 15s. 


|S oerahee tag in this popular book, in 
simple language and in easy stages, 
are all the varieties of circuits found in 
radio receivers of the kind that are used 
for sound broadcasting. It does this by 
taking separately each stage of the 
receiver, piece by piece, and explaining it 
without the complication of all the 
associated circuits round it. 

Since the last edition was published, 
several fundamentally new techniques 
have been developed, and these have 
given the new author considerable scope 
in revising the book for the fourth 
edition. The book now covers all types 
of receiver, including those using 
transistors, car radio, and frequency 
modulated receivers. 
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EE 16 254 for further details 


CHAPMAN & HALL 





* Just Out * 
Handbook of 
AUTOMATION 
COMPUTATION 
and 
CONTROL 


Volume Two 
Computers & Data Processing 
Edited by 
E. M. GRABBE; S. RAMO; 
D. E. WOOLDRIDGE 


A JOHN WILEY BOOK 


1093 pages Iilustrated 140s. nett 
This volume includes all available 
techniques for design and use of 
digital and analog computers. The 
third volume—Systems and Com- 
ponents—will complete what will 
undoubtedly be regarded as the 
standard work on the subject. 
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Conductance Design of Active 
Circuits 

By K. A. Pullen. 323 pp. 166 figs. Medium 
8vo. J. F. Rider Publisher Inc., New York. 
Chapman & Hall Ltd., London. 1959. Price 80s. 
t y= book deals with the practical 

design of valve and transistor cir- 
cuits from their characteristic curves. 
Each chapter gives a brief summary of 
the important equations and then works 
out a specific design based on a set of 
characteristics. The topics covered include 
audio amplifiers, sine-wave oscillators, 
mixers and various special circuits such 
as the cathode-coupled amplifier. 

The book does not deal with the 
derivation of the various equations on 
which a design is based so that it is not 
suitable for use by students in university 
or technical college courses. The various 
active devices, both valve and transistor, 
are all of American types so that the 
text is not as useful to a British engineer 
as to his American counterpart. The 
book itself is almost devoid of references 
to original work, but a two-page biblio- 
graphy appears at the end of the book; 
this bibliography is restricted almost 
wholly to the author’s own publications. 

V. H. ATTREE 


Correction 

In the book review of ‘Solid State 
Magnetic and Dielectric Devices’ by F. J. 
Hyde on page 620 of the October 1959 
issue, “Electromechanical Applications” 
should appear instead of “Electro- 
chemical Applications” in the second 
paragraph. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


accessories and test instruments. 


(Voir page 771 pour la traduction en francais: Deutsche Ubersetzung Seite 776) 


GERMANIUM POWER 
TRANSISTORS 


(Illustrated below) 
Sylvania-Thorn Colour Television Laboratories 
Ltd, Great Cambridse Road, Enfield, Middlesex 

A new series of npn 60V 6A germanium 
alloy transistors has been introduced by 
Sylvania-Thorn Colour Television Labora- 
tories Ltd. Designed for power switching 
applications it is anticipated that they 
will give the designer of electronic equip- 
ment greater scope in the use of npn 
transistor technique at less cost than has 
been possible hitherto. 





Among other applications the GT422 
can be used in conjunction with a pnp 
type transistor as a complementary pair 
for transformerless radio or _ servo 
amplifier output stages, or as a series volt- 
age regulator. Other types in the new 
series are the GT424 (60V 3A), GT425 
(36V 6A) and GT426 (36V 3A). Maxi- 
mum junction temperature is 85°C. 

EE 16751 for further details 


NUCLEONIC COUNTING 
INSTRUMENTS 


(Illustrated above right) 

Isotope Develop its Ltd, B Grange. 

Aldermaston Wharf, Nr. Reading, Berkshire 

Isotope Developments Ltd have re- 
cently announced their latest range of 
equipment, the ‘1800’ Series. This is a 
new series of *‘ budget’ priced nucleonic 
counting instruments designed to give 
accuracy in operation, full flexibility of 
application and simplicity of maintenance 
and servicing. The instruments are sup- 
plied in attractively styled cabinets with 
tilt-up stand so that they can be used 
singly or stacked one above the other. 
They can also be converted readily to 
rack mounting instruments when _ re- 
quired. Since all connectors are mounted 
at the rear and the cabinet is fitted from 
the front, access can be obtained to the 
interior without disconnecting cables. 
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Printed circuit plug-in boards are used 
extensively throughout the series and an 
identical power pack is fitted in all units 
to simplify spares requirements and 
servicing. Each instrument after 100 
hours’ test is despatched with a fully 
detailed service manual and packaged 
spares kits can be provided at the same 
time. 

The first three members of the series 
now available for delivery are the scaler, 
type 1800, the high voltage supply, type 
1820 and the amplifier/selector, type 
1830. 

Further instruments in the range will 
include a ratemeter, type 1810, a pre- 
scaler, type 1850, a potentiometer unit, 
type 1840, and other units to te an- 
nounced later. 


EE 16752 for further details 


DEKATRON POWER UNIT 
(Illustrated below) 

Sandmar Electronic Products, 68 Nina Drive, 
New Moston, Manchester, 10, Lancashire 
These power supply units, which are 

available in either sub-unit or 19in panel 

form, are designed specifically for sup- 
plying Dekatrons and their associated 
circuits. 

Three stabilized outputs are provided: 
the first supplies +450V d.c. at a maxi- 
mum current of 10mA with a ripple of 
less than 0-02 per cent; the second sup- 
plies +300V d.c. at 200mA with a ripple 
of less than 0-005 per cent and regulation 
better than 0-1 per cent for a change in 
load from 0 to 200mA: the third output 
provides —100V d.c. at 10mA. In addi- 
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tion an unstabilized a.c. output of 4 or 
63V at 3A is provided. The unit is 
designed so that when switching on from 
cold the voltages will be applied in the 
correct sequence. 

EE 16753 for further details 


ENDLESS-TAPE CASSETTE 
(Illustrated below) 


Guy’s Calculating Machines Ltd, Truro Road, 
London, N.22 
The ‘ Brittape’ 


endless-tape cassette 


will convert any flat-topped 7in spool 
continuous 


tape deck for Operation, 





4 


Mounted over one or other of the drive- 
spindles of the tape deck, the cassette 
provides up to 200ft of constantly circu- 
lating 4in magnetic tape, either standard 
or long-play. ; 

When in use, the cassette is driven by 
the tape being drawn in the normal way 
through the existing mechanism of the 
deck. 

The ‘ Brittape’ cassette enables one to 
circulate continuously a message or set 
of signals of up to 22 minutes duration, 
or to run a tape continuously in order 
to capture transient phenomena occur- 
ring at random intervals. 

EE 16 754 for further details 


STRAIN GAUGE POWER SUPPLY 


(Illustrated above right) 
Solartron Electronic Group Ltd, Thames Ditton, 
Surrey 

This fully transistorized six-channel 
strain gauge power supply unit, type 
AS958, has been introduced primarily for 
use with the Solartron pressure trans- 
ducers. 

When working from transducers into 
a high gain amplifier (such as the Solar- 
tron AA900 data amplifier), a normal 
stabilized power supply may produce a 
large amount of unwanted mains hum. 
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The AS958 is a new departure in that 
special transformers are employed to 
reduce such undesirable feed-through to 
a figure of less than 0-1 per cent of full 
scale output. 

The unit has been designed to work 
into bridges of a nominal 3502 resistance, 
but may also be used with resistance 
bridges of higher impedance. The unit is 
thus suitable for energizing most types 
of strain gauges, bonded or unbonded. 

This mains-energized power supply in- 
corporates six individual, ‘ fully-floating * 
stabilized power sub-units. Each sub-unit 
is capable of providing a nominal 5V of 
regulated d.c. at up to 20mA. A ‘sen- 
sitivity’ control allows variation of the 
output voltage by +5 per cent. 

Also incorporated is a * balance’ con- 
trol capable of correcting initial bridge 
unbalance of up to 10 per cent of full- 
scale. ‘Sensitivity’ controls (for each 
channel) are brought out to the front 
panel and adjustments may be clamped 
by use of concentric control locks. 

EE 16755 for further details 


R.F. INDUCTION HEATER 
(/llustrated below) 
Pye Ltd, R.F. Heating Division, 28 James Street, 
Cambridge 

The second induction heater in the 
new Pye range is the R.F.2 which has 
medium impedance output and gives a 
continuous output of 1-5kW at 2Mc/s 
and has been designed for tench opera- 
tion. It is similar in appearance to the 
first model being in an aluminium cubicle 
and fitted with safety switches on the 
removable sides. The overall dimensions 
of the unit being 244in high, 174in wide, 
2l4in deep. The equipment is self con- 
tained with its own automatic resetting 
process timer, overload relay to protect 
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the valves, and water pressure switch to 
protect the equipment. Provision is made 
for remote control and a pulse is avail- 
able at the end of the heating cycle 
to initiate a quench or any other opera- 
tion required. The equipment is designed 
to be operated from a_ single-phase 
supply, 180 to 250V, 50c/s, with a full 
load consumption of 3-1kW. 


EE 16 756 for further details 


PORTABLE BACKGROUND 
MONITOR 


(/llustrated below) 


Plessey Nucleonics Ltd, Weedon Road, 


Northampton 
A new lightweight portable monitor 
has been designed and developed by 


Plessey Nucleonics Limited of Northamp- 
ton for the measurement of background 
radiation. 





This monitor, known as type PNI 1072, 
has been designed to fill the frequent need 
for an accurate means of measuring any 
background activity quickly and easily. 
Detection is accomplished by a built-in 
halogen-quenched Geiger Miiller tube 
with measurement on a transistor rate- 
meter giving direct reading of dose rate 
on a 2+in scale moving-cofl meter. The 
instrument has a range of from 0 to 
3mr/h on a two-decade quasi-logarithmic 
scale, with a minimum scale calibration 
of 30ur/h. The unit is powered by a 9V 
dry battery and weighs 8 Ib. 

EE 16 757 for further details 


BAND-PASS FILTERS 
(Illustrated above right) 
Salford Electrical Instruments Ltd, Times Mull, 
Heywood, Lancashire 

Salford Electrical Instruments Ltd, a 
subsidiary of The General Electric Co. 
Ltd, has introduced two new standard 
filters designed to control the pass-band 
characteristics of v.h.f. communications 
receivers. Known as types 455KBP50 and 
455KBP25, they provide the selectivity 
necessary to meet G.P.O. radio com- 
munication specifications at an_ inter- 
mediate frequency of 455kc/s, with either 
25kc/s or SO0kc/s channel spacing. 

The filter is completely encapsulated 
and fitted in a metal box, input and out- 
put leads being brought out to two short 
stand-off pillars situated on either side of 
the box. 

Fixing brackets are arranged so that 
the unit may be mounted through a cut- 
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out in the chassis in order to place the 
filter terminals close to the rest of the 
circuit. 


EE 16758 fer further details 


ELECTRONIC ‘ BUILDING BRICKS’ 
(lustrated in next column) 
Mullard Equipment Ltd, Mullard House, 
Torringion Place, London, W.C.1 

Mullard Equipment Ltd has introduced 
a comprehensive series of electronic sub- 
assemblies designed as standard ‘ building 
bricks’ for the construction of industrial 
control systems, digital computing ele- 
ments, data processing equipment, meas- 
uring systems and other equipments based 
on digital circuit techniques. 

These building tricks constitute com- 
plete, fully developed circuits guaranteed 
to work efficiently with one another in 
any required combination and stringently 
tested for reliable service under the 
severest operational conditions. 

Two ranges of sub-assemblies are avail- 
able: ‘ Norbits’ and *Combi-Elements ’- 
Nortits have been developed primarily 
to allow industrial firms to build their 
own sequence control systems quickly, 
economically and without the services of 
trained electronic engineers. They can 
also be used as standard building bricks 
by electronics firms specializing in control 
systems. 

The range includes all the appropriate 
circuit elements for the construction of 
machine tool and transfer line controls, 
factory safety systems, automatic lift con- 
trols, sequential programming systems 
and so on. 

‘Combi-Elements’ are intended speci- 
fically to provide the manufacturer of 
electronic systems and equipment with a 
set of standard building bricks represent- 
ing the most commonly used digital cir- 
cuits. Besides cutting down development 
time and costs. Their use leads to sub- 
stantial savings in space and affords 
greater flexibility in the building of larger 
systems and equipments. 

To ensure a high standard of reliability 
toth the Norbits and Combi-Elements 
are transistorized throughout. Transistors 
also make it possible for the various units 
to be housed in compact plastic cases of 
very small dimensions, reduce power con- 
sumption, simplify the problems of heat 
dissipation and avoid the need for high 
voltage sources. 

‘Norbit’ building bricks are specific- 
ally designed so that the entire planning 
and construction of an industrial sequence 
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control system can be carried out by the 
firm’s plant engineer with no more than 
a very general knowledge of electronics. 

The units have long flying leads so 
that inter-connexions may be made with- 
out intermediate tag-panels of additional 
wiring, and using solderless clinched 
joints. Channel units, equipped with ter- 
minating blocks for input and output con 
nexions, are provided on which a number 
of Norbits may be mounted by single 
screw fixings. 
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The basic * Norbit’ unit is a transistor 
switching element which, in the interests 
of simplicity and flexibility, has been de- 
signed for use as an AND or an OR circuit, 
depending on the manner of connexion. 
On receipt of information from the 
machine’s limit-switches or other input 
sources, this switching unit performs the 
mecessary logic operations and delivers 
signals in the correct sequence to a suit- 
able output unit, which in turn activates 
the transducers governing or monitoring 
the functions of the machine. The basic 
unit measures 24in by 19/16in by 4in 
and twelve can te accommodated on a 
single channel. 

A number of output units of various 
ratings up to 150W are available for 
operating contactors, electromagnetic 
clutches, solenoids, etc; other units in- 
clude a counter, and a timer with a range 
of 0 to 60sec. 

The range of Combi-Elements includes 
flip-flops and other multivibrator circuits, 
pulse shapers, gate circuits, amplifiers and 
emitter-follower circuits. 

Each circuit of Combi-Element _ is 
hermetically sealed in a small plastic case 
measuring only 2:lin by 0-94in by 0-39in 
and designed for quick, easy mounting 
on a printed circuit board using the same 
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techniques normally employed for 
mounting resistors and capacitors. The 
physical proportions of the units are de- 
signed so that the maximum possible 
number can be accommodated on a single 
board. 

Assembly time and costs are thus mini- 
mized, and single elements or complete 
toards may be interchanged readily, 
giving greater flexibility in the composi- 
tion of more elaborate systems and equip- 
ments and simplifying modifications. 

The range of circuits has been based 
on the principle of d.c. gating and in 
general the signal transfer from element 
to element is at d.c. levels. The flip-flops 
and other multivibrators can be triggered 
by either a d.c. signal or a voltage step 
(a.c. signal), and depending on the appli- 
cation the units can be used for non- 
synchronous or synchronous logic, the 
latter using clock pulses. 


EE 16759 for further details 


TEMPERATURE CONTROLLER 


(Illustrated below) 


Fielden Electronics Ltd, Wythenshawe, 
Manchester, Lancashire 


The first of the new Fielden ‘ Bikini’ 
range of transistorized instruments has 
just been released. This is a precision 
temperature controller with a differential 
of 0-5°C, high calibration accuracy and 
high long term stability. 

The instrument is housed in a small 
meter type case and occupies a panel 
space of only 44in diameter. The scale, 
which is 9in long, is calibrated directly 
in degrees Celsius or Fahrenheit and the 
pointer is set to the required control tem- 
perature by a smail knob in the centre 
of the instrument. A red lamp visible 
from the sides as well as from the front 
indicates the control action. The meter 
type case is completely sealed and con- 
tains no delicate moving parts and the 
instrument can be mounted at any angle, 
for example, on a sloping control desk. 
Control can be at any _ temperature 
between —200°C and +500°C with a 
minimum temperature range span of 50°C 
and there are 12 standard calibrations. 

A platinum resistance element is used 
at the temperature measuring point, this 
being housed in a robust stainless steel 
sheath of 4in diameter. Ordinary con- 
necting cable is used between the measur- 
ing point and the instrument and this can 
be up to 300ft in length without intro- 
ducing errors. 
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The control action is on-off, either 
electrical or pneumatic. The electrical 
contacts give changeover switching at 5A 
250V while the pneumatic valve requires 
17 to 201b/in? input. 

EE 16 760 for further details 


DIFFERENTIAL PRESSURE 
TRANSDUCER 
(Illustrated below) 
Southern Instruments Ltd, Frimley Road, 
Camberley, Surrey 

Southern Instruments can now supply 
a differential pressure gauge type G255 
which employs a_ variable inductance 
sensing element for use with their f.m. 
amplifier system. 

Pressures can be applied to either, or 
both sides of a beryllium copper dia- 
phragm: movement of this diaphragm is 
detected by an inductor cast into the 
body of the unit. The voltage output 
from the f.m. pre-amplifier is_ strictly 
proportional to the difference in pressure 





on the side of the diaphragm. Linearity 
is better than 3 per cent of rated range. 
The range of pressures covered is 
1-0-1 Ib/in’ to 1 000-0-1 000 Ib/in’. 

EE 16761 for further details 


SILICON CONTROLLED RECTIFIERS 


(/llustrated above right) 


Associated Electrical Industries Ltd, Carholme 
Road, Lincoln 


This new device, which is of the pnpn 
form, can be regarded as two transistors 
coupled by a common collector junction; 
it is the solid-state equivalent of the 
thyratron or the grid-controlled mercury- 
arc rectifier. It offers a high impedance 
(several megohms) in each direction, but 
can be triggered into a low impedance 
condition in one direction by the appli- 
cation of a small signal to the third elec- 
trode. It has the usual solid-state advan- 
tages of small size and atsence of heater 
supplies, and has a high efficiency of 
operation. 

Applications are similar to those of the 
conventional devices, such as the control 
of electric motors, firing of ignitrons, d.c. 
to a.c. conversion, frequency conversion, 
phase-controlled d.c. power supplies, 
static switching, etc. 

The voltage/current characteristic of a 
controlled rectifier is such that in the 
reverse direction it is almost identical 
with that of a simple silicon rectifier. The 
forward direction is a mirror image of 
the reverse characteristics up to the 
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breakdown voltage. If a small current 
(10 to 100mA) is applied to the control 
electrode when the forward voltage is 
below breakdown, the rectifier .will re- 
main conducting until the voltage across 
it falls to almost zero. A common method 
employed is to control the output of the 
rectifier by changing the phase of the 
trigger current in relation to the a.c. 
voltage applied to the rectifier. 

The present range covers ratings from 
25 to 300V p.i.v. at forward currents of 
5 and 10A. 


EE 16 762 for further details 


OSCILLATOR-AMPLIFIER 
(Illustrated below) 
Airmec Ltd, High Wycombe, Buckinghamshire 

The oscillator-amplifier type 254 has 
been designed basically as a power source 
for small servometers, vibrators and 
‘odd-frequency ’ equipment. 

The equipment consists of a power 
amplifier giving an output of 150W, with 
provision for being driven from an 
external signal or from an internal oscil- 
lator continuously variable over the 
range 30c/s to 30kc/s. If required, the 
amplifier may be isolated from the oscil- 
lator and used as a public address system 
or transmitter modulator. 

The output stage consists of four EL34 
valves in parallel push-pull working into 
an output transformer with a number of 
secondary windings, which may be con- 
nected in series-parallel arrangements to 
match a wide range of loads. A meter is 
fitted to monitor the output voltage. The 
valves are fully protected by fuses and 
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spark gaps, and a warning lamp is pro- 
vided to indicate overdriving or excessive 
anode current. In addition, the anodes of 
the valves may be viewed through a 
grille in the front panel of the equip- 
ment. 

The oscillator employs a Wien bridge 
feedback network stabilized by a ther- 
mistor, and the frequency of oscillation 
is indicated on a large, clear dial to an 
accuracy of +2 per cent. When driven 
from an external signal, the oscillator 
valve is switched to operate as a pre- 
amplifier, giving a sensitivity of 0°1V for 
full output. 

EE 16 763 for further details 


PRINTING COUNTERS 
(Illustrated below) 
The Stonebridge Electrical Co. Lid, 6 Queen 
Anne’s Gate, London, S.W.1 
This Company has introduced a new 
range of printing counters which print 
out on paper roll indications of count 
and time, and can be used for a wide 
variety of purposes in industry and 
research. 





They are arranged as single or double 
units. The single units are normally six 
digit totalizing counters with electrical 
impulsing, printing and zero reset. Double 
units may be fitted with two such total- 
izing units or one totalizing and one unit 
giving date and time information. Impuls- 
ing rate is maximum 10 per second, 
printing is carried out in 100msec, and 
reset in 500msec. 

Models are available for various volt- 
ages, both a.c. and d.c. 


EE 16 764 for further details 


MEDICAL SCINTILLATION 
COUNTER 
(Illustrated above right) 

Ekco Electronics Ltd, Southend-on-Sea, Essex 

A recent addition to the range of 
nuclear equipment for medical use by 
Ekco Electronics Ltd is a _ lightweight 
scintillation counter, type N618, with a 
directional shield, type N651. The counter 
is constructed in a sealed stainless steel 
container enabling it to be cold-sterilized. 
The output from the photo-multiplier 
tube is fed via a cathode-follower stage 
to the permanently-attached cable from 
which connexions can be made to a suit- 
able ratemeter or scaler. It can be con- 
nected directly to an Ekco type N600 
ratemeter, but requires the use of a 
separate amplifier, such as the Ekco type 
N640, when connected to a typical rate- 
meter or scaler requiring a minimum 
input of SV. 


769 





The directional shield retains the scin- 
tillation counter by means of a simple 
clamp ring and it can be fitted with any 
one of three standard collimators to 
provide alternative angles of acceptance. 


To facilitate accurate repositioning in 
relation to the patient, a continuously- 
adjustable coincident light-spot range- 
finder is incorporated. 

EE 16 765 for further details 


PORTABLE PRECISION METERS 
(Illustrated below) 


Metrix Instruments Ltd, 54 Victoria Road, 

urbiton, Surrey 

A complete range of Metrawatt port- 
able precision ammeters, voltmeters and 
wattmeters is now being marketed by 
Metrix Instruments Ltd. 

These meters which are of high quality 
construction, are designed to meet the 
need for sensitive instruments having an 
accuracy somewhat higher than that of 
general purpose bench models for test 
and laboratory measurements where it 
is inconvenient or uneconomical to use 
an expensive and often delicate standard 
instrument. The range is also suitable for 
use as transfer standards. 

The range of moving-coil instruments 
have an accuracy of +0°5 per cent and 
include a voltmeter covering 6 to 600V 
d.c. in five ranges. Four current measur- 
ing instruments cover 204A to 2mA; 0°5 
to 50mA; 0-2 to 20A, and 0 to 60mV 
for use with shunts up to 2 SO0A. 

A similar range of precision moving- 
iron types having an accuracy of +0°5 
per cent a.c. +1 per cent dic. is also 
available. 

These instruments are manufactured by 
Metrawatt A.G. Niirnberg. 


EE 16 766 for further details 





ELECTRONIC ENGINEERING 








PUBLICATIONS RECEIVED 


TRANSMISSION TESTING APPARATUS 
CATALOGUE contains a_ representative selec- 
tion of the testing apparatus available, which has 
been developed mainly for the installation and 
maintenance of a wide variety of carrier telephone 
and other systems. Standard Telephones & 
Cables Ltd, Transmission Division, North Wool- 
wich, London E.16 


UNILEVER RESEARCH is a booklet giving an 
impression of life in the Unilever research 
laboratories in England and will be of interest to 
those interested in careers in research Unilever 
Limited, Unilever House, London E.C.4 


LOW FREQUENCY AMPLIFIER SYSTEMS is 
the 3ist volume in the Electronic Technology 
Series edited by Dr. Schure. The content deals 
with low frequency amplifier systems with special 
emphasis on coupling methods suitable for this 
frequency range, phase inversion and inverse feed- 
back. as well as the circuit design using thermionic 
valves and transistors. John F. Rider Publisher, 
Inc., 116 West 14th Street, New York II 


ULTIMATE PARTICLES OF MATTER by 
D. T. Lewis is an attempt to present to the lay- 
man some of the more complex modern theories 
of chemistry and physics with regard to the struc- 
ture of matter. There is a preface by Sir William 
Penney, and he refers to the phenomenal growth 
of the atomic energy industry and stresses the 
need for industrial staff who have a clear per- 
ception of the basic scientific ideas on which 
everything depends. Chantry Publications Limited 
63 Neal Street, Shaftesbury Avenue, London 
W.C.2. Price 15s 


TRAINING REGULATIONS has been published 
under the authority of The Council of The Inst‘- 
tution of Electrical Engineers. Much of the con- 
tent of this leaflet will not be new to those who 
have been concerned with the training of students 
and graduates, but they do indicate once again 
the importance which the Council attach to the 
ordered arrangements of this nhase of a young 
engineer’s preparation for his chosen profession 
What is new is the recognition by the Council 
that some electrical organizations are unable to 
offer an organized type of training known as 
apprenticeship. The Regulations accept that. in 
such cases, effective training may be obtained by 
a junior engineer while holding a position on the 


staff of a chartered electrical engineer. Copies 
can be obtained from The Secretary, The Institu- 
tion of Electrical Engineers, Savoy Place, Lon- 
don W.C 


PRINTED CIRCUITS by Morris Moses traces the 
development of printed circuits, tells how they 
are made commercially, how the reader can make 


them and how to repair, maintain and apply 
equipment, what valves, transistors, resistors, 
capacitors and other components are used witn 
them and how to repair, maintain and apply 
them in home entertainment, industrial and test 
equipment. Gernsback Library Inc, 154 West 


14th Street, New York II 
covered edition. 


Price $2.90 for paper 


BRITISH WIEDEMANN TURRET PUNCH 
PRESSES is the latest comprehensive brochure 
issued by Dowding & Doll Ltd., 346 Kensington 
High Street. London W.14. The short production 
times, of which typ'cal examples are given in this 
new brochure, should be of special interest to all 
concerned with the production of pierced work, 
such as chassis for electronic anpnaratus, aircraft, 
and electrical panels, where runs are comparatively 
short and modifications frequently made. 


COPPER CABLES is a 62-page booklet devoted 
exclusively to information concerning the many 
types of insulated copper cables. There are chap- 
ters devoted to the properties of copper and some 
of its alloys, the manufacturers of copper wire, 
power, transmission and other types of insulated 
cables. Copper Development Association, 55 
South Audley Street, London, W.1. 


* WIRELESS WORLD’ DIARY 1960 contains, 
in addition to the usual diary pages, an 80-page 
reference section which includes in tablo'd form 
a wide variety of technical and general inform- 
tion. Published by T. J. & J. Smith Ltd., 12 
Hanover Square, London W.1. Price: 6s. 3d 
leather and 4s. 6d. rexine, postage 4d. 
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FIXED CARBON RESISTORS FOR USE IN 
TELECOMMUNICATION AND ALLIED ELEC- 
TRC > EQUIPMENT PART I 

REQUIREMENTS AND TESTS (B.S. 2112:1959) 
This British Standard applies to fixed carbon re- 
sistors having a dissipation not exceeding 3W at 
70°C and a rated resistance value of not less than 
102 and not greater than 10M‘. These resistors 
are intended for use over the ambient temperature 
range 40°C to +100°C in one of the humidity 
classes (HI, H2, H3 and H3A) of B.S. 2011, 
‘ Basic climatic and durability tests for compon- 
ents for use in radio and allied electronic equip- 


ment * Britsh Standards Institution. Sales 
Branch, 2 Park Street, London W.1 Price 10s. 
(Postage extra to non-subscribers.) 

STABILIZED TRANSISTOR POWER SUP- 
PLIES, SOLARTRON CHOKELESS POWER 


SUPPLY SUB-UNITS and SOLARTRON STABI- 
LIZED POWER SUPPLY SUB-UNITS are all 
data sheets which have been issued by The Solar- 
tron Electronic Group Ltd, Thames Ditton, Sur- 
rey They deal with the three ranges of Solartron 
Power Supply Sub-Units now available for direct 
incorporation into prototype or production elec- 
tronic equipment 

ELLIOTT INSTRUMENTS IN MICROWAVE 
ANALYTICAL CIRCUITS FOR THE 8-12Gc/s 
BAND is a catalogue recently issued by Elliott 
Automation Limited, 34 Portland Place, London 
W.1, which gives illustrations of the scone and 
versatility of their X-Band range 


24 CHANNEL FREQUENCY MODULATED VF 
TELEGRAPH TERMINAL EQUIPMENT TYPE 
T24D is a leaflet describing equinment which is 
intended primarily for use over radio or carrie, 
bearer circuits. The 24 channels lie within the 
speech-frequency band of 300 to 3 400c/s. At 
working speeds of 50 baud the average distortion 
is less than 5 ner cent with receive level varia- 
tions about the nominal of +10dB to ISdB 
Telephone Manufacturing Company Limited, 
Technical Information Department, Hollingsworth 
Works, Martell Road, London S.E.21. 


GENERAL - 


MOLYBDENUM DISULPHIDE IN ACTION has 
been issued by Moly-Paul, K. S. Paul (Molyb- 
denum Disulphide) Ltd, Angel Lodge Laboratories 
and Works, Angel Road, London N.18. The re- 
ports in this booklet are mainly extracts of letters 
from users or reports of inspections of specified 
applications, classified under fourteen technical 
headings. Copies can be obtained free from the 
above Company 


DESIGNING FOR DIECASTING is one of a 
series of technical publications, and attemnts to 
show how the design of pressure diecastings in 
particular, can be altered to give a combination 
of good properties, low cost and good design. 
This booklet is obtainable free on anonlication to 
Fry's Diecastings Ltd, Merton Works, Prince 
Georges Road, Merton Abbey, London S.W.19 


PHYSICS by M. A. 
Butterworths Scientific 
Yard. London W.C.2 


STUDIES IN CRYSTAI 
Jaswon is published by 
Publications, 4 & 5 Bell 
This booklet contains four articles on crystal phy- 
sics which were nublished in Research in 1958 
Each touches on a different topic, but all are con- 
cerned with physical effects related primarily to 
the crvstal structure rather than to the specific 
kind of atom involved. A fifth article has been 
added which provides the thermodynamic back- 
ground to the p’cture. Price 10s. 6d., postage 7d 


PRINTED WIRING & PRINTED CIRCUIT 
TECHNIQUES DESIGN & PRODUCTION CON. 
SIDERATIONS is a document which has been 
prepared by the Electronic Engineering Associa- 
tion’s Printed Wiring and Associated Techniques 
Committee. This is a *‘ first edition’ and it is 
hoped as knowledge accumulates and techniques 
advance. to issue further editions. In order to 
guide the Committee's future efforts, appraisal 
of the document in the widest sense will be wel- 
comed from all concerned, not only in respect 
of technical content, but also on layout, clarity 
and the need for expansion. Covies can be ob- 
tained free from The Electronic Engineering Asso- 
ciation, Il Green Street, London W 


Meetings this Month 


THE BRITISH COMPUTER SOCIETY 
LIMITED 


Date: 17 December Time: 2.30 p.m 

Held at: Northampton College of ‘Advanced Tech- 
nology. St. John Street, London E.C. 

Discussion: Conversion between Fn taal and 
Digital Representation. 

Leicester Branch 

Date: 17 December. Time: 7 p.m 

Held at: Room 104, Leicester College of Tech- 
nology 

Film Evening. Two films will be shown: Uni- 
lever’s ‘The Electronic Computer in Commerce’ 


and I.C.T.’s ‘Time to Think’ 

South Wales and Monmouthshire Branch 
Date: 17 December. Time: 6.30 p.m 
Held at: Small Shandon Lecture Theatre, 

versity College, Cardiff. 
Lecture: Mechanical Translation of Languages 
By: Dr P. Cleve. 


THE BRITISH INSTITUTION OF 
RADIO ENGINEERS 
Medical 


Uni- 


Electronics Group Meeting 


Date: 16 December. Time: 6.30 p.m 

Held at: London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London 
Ww.c.i 

Lecture: Measurements in the Presence of Noise 

By: Dr. D. A. Bell and Dr. G. D. Dawson 

North Eastern Section 
Date: 9 December. Time: 6 
Held at: The Institution of Mining and Mechani- 


cal Engineers, Neville Hall, Road. 


Newcastle-upon-Tyne 


Westgate 


Lecture: Micro Miniaturization 
By: H. G. Manfield 
Scottish Section 
Date: 18 December. Time: 7 m 


Held at: Department of Natural Seeaty. the 
University, Drummond Street, Edinburgh 
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(Pages 771 to 780 French and German Section) 


Digital Voltmeter 
A. Pucknell 


South Western Section 


Loness: The 
By: A. Irvine and D. 


Date: 17 December Time: 7 p.m 

Held at: School of Management Studies, Unity 
Street, Bristol. 

Lecture: The Transistor and its Use in Com- 


munication and Control Equipment. 
By: E. Wolfendale. 


THE INSTITUTE OF PHYSICS 


Electronics Group 


Date: 15 December. Time: 5.30 p.m. 
Held at: The Institute of Physics, 47 Belgrave 
Square, London S.W.1 
Lecture: Tubes for Colour Television 
By: K. G. Freeman. 
THE INSTITUTION OF ELECTRICAL 
ENGINEERS 


All London meetings will be held at Savoy Place 
commencing at 5.30 p.m 


Electronics and Communications Section 
Date: 16 December. 
Lecture: The Laying of Sutmarine Cables 
By: Captain W. H. Leec 


Measurement and Control Section 
Date: 15 December. 
Discussion: Data Handling 
Installations 
Opened by: D. Taylor. 


Problems in Atomic 


THE RADAR AND ELECTRONICS 


ASSOCIATION 
Date: 29 December. Time: 7.30 p.m 
Held at: The Royal Society of Arts, John Adam 
Street, Adelphi. London W.C.2 
Lecture: High Quality Sound Broadcasting. 


By: K. R. Sturley 
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. . . and in so many other connections 





“ Belling-Lee” unitors ensure continuity 
between units and sub-assemblies. Unitor plugs 
and sockets also provide a means of cable-to- 


chassis coupling when they are used in conjunction 








e 


with covers and retainers. The four-slotted beryllium eees 


copper sockets mate perfectly with fully floating solid brass TH 





plug pins which are silver-plated and, like the sockets, TI 








have tinned bucket spills for reliable solder connec- 


tions. All plug pins and sockets are numbered on 








both sides of the track - resistant nylon - filled 


moulding for ease of assembly and servicing. 


“ BELLING-LEE” 
UNITOR PLUGS 
& SOCKETS 


List Nos. L.653—L.656, L.1328 


Specification: D.E.F.5321. 
Joint Services approved. 





Contact resistance 
(after cycling): 
Small pins: 5 milliohms 


Corvent Ratings Large pins: 3 milliohms 


Small pins: 3 amp. each 
Large pins: 10 amp. each Sasestion ant 
withdrawal force: 


| Ib. per contact pair (max.) 


Max. working volts: 
500V. peak 


Insulation resistance: 
Greater than 100 megohms at 
500V. after tropical exposure. Finish: 


Colour: Black 


Contact resistance (initial): Pins, silver-plated. 
Small pins: 2 milliohms Sockets, beryllium copper. 
Large pins: | milliohm Solder spills, tin-dipped. 


a 


Most *‘Belling-Lee’’ products are 
covered by patents or registered 
designs, or applications 


BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 





Telephone: Enfield 3322 Telegrams: Radiobel, Enfield 
TERMINALS - PLUGS & SOCKETS - THERMAL DEVICES 
Regd FUSES INTERFERENCE FILTERS - RECEIVING AERIALS 
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The following pages contain French and German translations of our 

















“Electronic Equipment’’ pages and summaries of the main articles. 
It will be noted that each item in the ‘‘Electronic Equipment’’ Section 
concludes with a number. These numbers are for the use of readers 
who require further information about particular items and should 
be quoted on the Reader Information Service Card at the end of 
the journal. 


Advertisement pages, facing matter, can be included in this Language 
Section for British and Overseas advertisers. Details on application 
to ‘‘The Advertisement Manager’’. 


Les pages qui suivent contiennent des traductions en frangais et 
en allemand de nos pages d’EQUIPEMENT ELECTRONIQUE, ainsi 
que des resumés des principaux articles. 


On remarquera que chaque article dans la section EQUIPEMENT 
ELECTRONIQUE se termine par un numéro. Ces numéros sont d 
l’usage des lecteurs qui pourraient avoir besoin de renseignements 
complémentaires au sujet de certains de ces articles et ils doivent 
donc étre rappelés sur la carte du ‘‘Service de Renseignements aux 
Lecteurs’’ d Ia fin de la revue. 


Des pages d’annonces et de publicité en regard d’elles peuvent étre 
réservées dans cette Section Etrangére aux annonceurs britanniques 
et d’outre-mer. Pour plus de détails, s’adresser au Chef de la 
Publicité. 


Auf den folgenden Seiten bringen wir franzdsische und deutsche 
Ubersetzungen der Seiten , Elektronische Gerdte” und der Zusam- 
menfassungen der Hauptbeitrage. 


Am Fusse jeder Beschreibung in der Rubrik , Elektronische Gerdte”’ 
steht eine Nummer. Leser, die an weiteren Auskinften tiber bestimmte 
Gerdte interessiert sind, werden gebeten, diese Nummer auf der 
Leserdienstkarte am Ende des Heftes anzugeben. 

Anzeigen britischer und ausldndischer Firmen kénnen auf Seiten 
gegentiber fremdsprachigem Text erscheinen. Einzelheiten bitten 
wir vom , Leiter der Anzeigenabteilung’”’ anzufordern. 


Electronic Engineering 


28 ESSEX ST., STRAND, LONDON, W.C.2, ENGLAND 
Telephone: CENtral 6565 


Telegrams: ‘Lectroning, Estrand, London’ 
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Une description basée sur des renseignements fournis par les fabricants de nouveaux organes, acces- 


TRANSISTORS DE PUISSANCE 
AU GERMANIUM 
(Illustration a la page 766) 


Sylvania-Thorn Colour Television Laboratories 
Ltd, Great Cambridge Road, Enfield, Middlesex 


Une nouvelle gamme de transistors a 
alliage de germanium npn 60 V 6A a été 
réalisée par Sylvania-Thorn Television 
Laboratories Ltd. Calculée pour les 
applications de commutation de puis- 
sance, elle fournira, prévoit-on, au con- 
structeur d’équipements électroniques un 
rayon d’action plus étendu dans l’emploi 
de la technique des transistors npn et a 
moins de frais que cela n’a été possible 
jusqu’ici. 

Entre autres applications, le GT422 
peut étre utilisé conjointement avec un 
transistor de type pnp, en tant que paire 
complémentaire pour radio sans trans- 
formateurs ou étages de sortie de servo- 
amplificateur, ou bien encore comme 
régulateur de tension série. Les autres 
modéles de la nouvelle série sont le 
GT424 (60 V 3 A), le GT425 (36 V 6A) 
et le GT426 (36 V 3 A). La température 
de jonction maxima est de 85°C. 


EE 16751 pour plus amples renseignements 


COMPTEURS NUCLEAIRES 
(Illustration a la page 766) 


Isotope Developments Ltd, Beenham Grange, 
Aldermaston Wharf, Nr. Reading, Berkshire 


La société Isotope Developments Ltd 
vient d’annencer la réalisation de sa 
toute derniére gamme d’appareils de 
comptage nucléaire. Il s’agit de la série 
1800, A prix “budgétaires”, calculée pour 
assurer un fonctionnement précis, une 
grande souplesse d’application, ainsi 
qu’un entretien et un dépannage faciles. 
Ces appareils sont livrés dans de sédui- 
sants coffrets avec supports inclinables, 
de fagon a pouvoir étre utilisés indivi- 
duellement ou entassés I’un sur I’autre. 
Ils peuvent également étre convertis, si 
nécessaire, en appareils montés sur 
crémaillére. Wu que tous les connecteurs 
sont montés a I’arriére et que le coffret 
est fixé par l’avant, on peut aisément 
vérifier T’intérieur sans débrancher les 
cables. 

Des plaquettes de circuits imprimés 
interchangeables sont utilisées sur une 
grande échelle dans toute cette série 
et tous les appareils sont munis de blocs 
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soires et instruments d’essai 


d’alimentation identiques, afin de simpli- 
fier le dépannage et les besoins en piéces 
de rechanges. Aprés un essai de 100 
heures, chaque appareil est livré avec un 
manuel d’entretien, et une trousse de 
pieces de rechange peut étre fournie en 
méme temps. 

Les trois premiers appareils de la série, 
livrables dés maintenant, sont Il’échelle, 
type 1800, le bloc d’alimentation haute 
tension, type 1820, et l’amplificateur/ 
sélecteur, type 1830. 

Les appareils complémentaires de la 
série comprendront un compteur, type 
1810, une pré-échelle, type 1850, un 
élément potentiométrique, type 1840, 
ainsi que d’autres éléments qui seront 
annoncés plus tard. 


EE 16 752 pour plus amples renseignements 


BLOC D’ALIMENTATION POUR 
DEKATRONS 
(Illustration a la page 766) 


Sandmar Electronic Products, 68 Nina Drive, 
New Moston, Manchester, 10, Lancashire 


Ces blocs d’alimentation sont livrés 
soit sous forme de sous-ensembles, soit 
comme organes de 483mm pour mon- 
tage sur panneau. Ils ont été spécifique- 
ment concus pour Ilalimentation des 
Dékatrons et des circuits qui s’y rap- 
portent. 

Trois sorties stabilisées sont prévues. 
La premiére fournit +450 V c.c. a un 
courant maximum de 10mA, avec une 
ondulation de moins de 2,02%. La 
seconde fournit +300 V c.c. 4 200mA, 
avec une ondulation de moins de 0,005% 
et un réglage de plus de 0,1% pour un 
changement de charge de 0 & 200mA. 
La troisitme fournit—100 V c.c. 4 10 mA. 
Il y a, en outre, une sortie non-stabilisée 
de courant alternatif de 4 ou 6,3Va3A. 
Le bloc a été étudié de maniére a ce 
que les tensions soient appliquées en 
succession exacte lorsqu’on effectue la 
mise en circuit a froid. 


EE 16753 pour plus amples renseignements 


CHASSIS A BANDE 
MAGNETIQUE SANS FIN 
(Illustration a la page 766) 


Guy’s Calculating Machines Ltd, Truro Road, 
Lendon, N.22 


Le chassis 4 bande magnétique sans fin 
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Traduction des pages 766 d 769 


“Brittape” peut convertir au fonctionne- 
ment continu n’importe quel pont plat a 
bobines de ruban magnétique de 178 mm. 
Monté sur l'une ou I’autre des broches 
dentrainement du pont a bobines, il 
fournit jusqu’é 61 métres de ruban mag- 
nétique de 6,35mm & mouvement con- 
stant, soit du modéle courant soit 4 durée 
prolongée. 

Durant le fonctionnement, le ruban est 
entrainé de facgon normale par le 
mécanisme du pont sans modification 
aucune. 

Le chassis “Brittape” permet de faire 
circuler continiment un message ou une 
série de signaux pendant une durée de 
temps pouvant atteindre 22 minutes. On 
peut aussi faire tourner un ruban con- 
tiniment pour repérer des phénoménes 
transitoires survenant a intervalles irrégu- 
liers. 


EE 16754 pour plus amples renseignements 


BLOC D’ALIMENTATION 
D’EXTENSOMETRE 
(Illustration a la page 767) 


Solartron Electronic Group Ltd, Thames Ditton. 


Ce bloc d’alimentation entiérement 
transistorisé, & six canaux, type AS 958. 
pour extensométres, a été prévu en pre- 
mier lieu pour étre utilisé avec les trans- 
ducteurs de pression Solartron. 

Lorsqu’on opére, a partir de trans- 
ducteurs, dans un amplificateur 4 grand 
gain, tel que l’amplificateur de données 
Solartron AA900, une _ alimentation 
stabilisée normale peut produire un 
niveau élevé de ronflement de secteur 
indésirable. Le bloc AS 958 constitue une 
véritable innovation, car des transforma- 
teurs sont utilisés pour réduire ce ronfle- 
ment génant a un chiffre de moins de 
0.1% de la sortie totale. 

L‘appareil a été calculé pour des ponts 
d’une résistance nominale de 350 ohms, 
mais il peut, cependant, étre utilisé 
également avec des ponts de résistances 
d'une impédance plus élevée. On peut. 
donc, employer pour amorger la plu- 
part des types d’extensométres. 

L’ensemble d’alimentation amorgée par 
le secteur comprend six sous-blocs indivi- 
duels d’alimentation stabilisée “entiére- 
ment flottants”. Chacun de ces sous-blocs 
peut fournir un courant continu réglé de 
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5 V jusqu’a 20mA. Une commande de 
sensibilité permet des variations de la 
tension de sortie de +5%. 

L’appareil comprend aussi une com- 
mande d’équilibre capable de corriger un 
déséquilibre de pont initial pouvant 
atteindre jusqu’a 10% de l’échelle totale. 
Les commandes de _ sensibilité (pour 
chaque canal) sont placées sur le panneau 
avant et les réglages peuvent étre fixés 
au moyen de verrous de commande 
concentriques. 


EE 16755 pour plus amples renseignements 


RECHAUFFEUR PAR INDUCTION 
HAUTE FREQUENCE 
(llustration a la page 767) 

Pye Ltd, R.F. Heating Division, 28 James Street, 
Cambridge 

Le second réchauffeur par induction de 
la nouvelle série Pye est l'appareil type 
R.F.2 avec sortie 4 impédance moyenne. 
La sortie continue de cet appareil est de 
15kW a 2 MHz et il a été réalisé pour 
l'emploi au banc. Il est semblable, en 
apparence,au premier modéle de la série, 
étant donc contenu dans un _ coffret 
d’aluminium avec interrupteurs de streté 
sur les c6tés amovibles. Les dimensions 
hors tout de l'appareil sont: 616mm de 
hauteur, 445mm de largeur, 540mm de 
profondeur. I] est complet par lui-méme, 
étant muni de son propre compte-pose 
de réenclanchement automatique, d’un 
relais & maxima pour la protection des 
lampes et d'un interrupteur de pression 
d’eau pour la protection de l'ensemble 
de l'appareil. Ce dernier peut étre égale- 
ment télécommandé, et une impulsion 
peut étre émise 4a la fin du cycle de 
chauffage pour effectuer un étouffement 
ou toute autre opération voulue. L’appa- 
reil est prévu pour une source d’alimen- 
tation monophasée de 180 a 250 V, 50 
Hz, avec consommation a pleine charge 
de 3,1 kW. 

EE 16756 pour plus amples renseignements 


DETECTEUR DE RAYONNEMENT 
DE FOND PORTATIF 
(Illustration a la page 767) 
Nucleonics Ltd, Weedon Road, 

Northampton 

Un nouveau détecteur portatif poids 
léger a été congcu par la _ Plessey 
Nucleonics Ltd, de Northampton, pour 
mesurer le rayonnement de fond. 

Ce nouvel appareil, type PNI 1072, a 
été réalisé pour répondre a la demande 
fréquente d’un moyen de mesure précis, 
rapide et simple de tout rayonnement de 
fond. La détection s’effectue par tube de 
Geiger incorporé, 4 extinction au halo- 
géne, avec mesure sur un compteur a 
transistor donnant une lecture directe du 
dosage sur un dosimétre a cadre mobile 
avec échelle de 63,5 mm. L’appareil a une 
gamme de 0 a 30 milli-r/h sur une échelle 
quasi logarithmique a deux décades, 
avec un étalonnage d’échelle minimum 
de 30 micro-r/h. Il est actionné par pile 
séche de 9 V et ne pése que 3,6 kg. 

EE 16757 pour plus amples renseignements 


Plessey 
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FILTRES PASSE-BANDES 
(/llustration & la page 767) 


Salford Electrical Instruments Ltd, Times Mill, 
Heywood, Lancash‘re 
La société Salford Electrical Instru- 


ments Ltd, qui est une filiale de la 
General Electric Co. Ltd, a réalisé deux 
nouveaux filtres pour contréler les carac- 
téristiques de bande passante des récep- 
teurs pour hyperfréquences. 

Appelés types 455K BP50 et 455K BP25, 
ces filtres assurent la sélectivité conforme 
aux spécifications des autorités postales 
concernant les radiocommunications, a 
une fréquence intermédiaire de 455 kHz, 
avec un espacement entre canaux de 
25 kHz ou de 50 kHz. 

Le filtre est entigrement blindé et logé 
dans une boite métallique. Les conduc- 
teurs de sortie et d’entrée sont reliés a 
deux petites colonnes isolantes, placées 
sur les deux cétés de la boite. 

Les supports de fixage sont disposés 
de fagon a ce que l'appareil puisse étre 
monté au moyen dune ouverture dans 
le chassis, en ayant les bornes du filtre 
pres du reste du circuit. 

EE 16758 pour plus amples renseignements 


“BRIQUES ELECTRONIQUES” 
(/llustration a la’ page 768) 


Mullard Equipment Ltd, Mullard House, 
Torrington Place, London, W.C.1 
Ltd 


La société Mullard Equipment 
vient de réaliser une série étendue de 
sous-enscmbles électroniques sous forme 
de “briques” pour la construction de 
systemes de controle industriel, d’éléments 
de calculateurs numériques, d’appareils 
de dépouillement de données, d’équipe- 
ments de mesure ainsi que d’autres 
matériels basés sur la technique des 
circuits numériques. 

Ces “briques” constituent des circuits 
complets et enticrement mis au point, 
dont le fonctionnement efficace entre 
elles est garanti dans n’importe quelle 
combinaison. Elles ont été, en outre, 
soumises a des essais trés stricts de 
sécurité de service, dans les conditions de 
marche les plus rigoureuses. 

Ils existe deux gammes de_ sous- 
ensembles: NORBITS et COMBI- 
ELEMENTS. Les premiers ont été étudiés 
principalement pour permettre aux 
sociétés industrielles de construire leurs 
propres systémes de contréle de cadence- 
ments, rapidement, économiquement et 
sans avoir besoin des services d’électro- 
niciens expérimentés. Ils peuvent aussi 
étre employés comme “briques de con- 
struction” normales par les compagnies 


d’électronique spécialisées dans les 
systemes de contrdle. Cette gamme 


englobe tous les éléments de circuits 
convenant a la construction des com- 
mandes de machines-outils et de lignes 
de transfert, des systemes de sécurité 
d’usines, des commandes automatiques 
de levage, des systtmes de programma- 
tion successive, etc. 

Quant aux COMBI-ELEMENTS, ils 
sont spécifiquement destinés 4 fournir au 
fabricant de matériel électronique un 
assortiment de “briques” courantes, 
représentant les circuits numériques les 
plus communément employés. Ils rédui- 
sent non seulement le iemps et les frais 
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de développement, mais leur emploi 
conduit aussi 4 une économie d’espace 
considérable et offre une plus grande 
marge de flexibilité dans la construction 
de systemes et d’équipements plus 
importants. 

Afin d’assurer un niveau élevé de 
sécurité de fonctionnement, tant les 
NORBITS que les COMBI-ELEMENTS 
sont entiérement transistorisés. L’utilisa- 
tion de transistors rend possible, de 
méme, de loger ies différents éléments 
dans des boitiers compacts en matiére 
plastique, aux dimensions fort réduites, 
ainsi que de diminuer la consommation 
électrique, de simplifier les problémes de 
dissipation de chaleur et d’éviter de 
recourir 4 des sources de haute tension. 

Les “briques” NORBIT ont été spéci- 
fiquement congues pour que le projet et 
la construction d’un systeme de contréle 
de cadencement industriel puisse étre 
enti¢rement exécuté par lingénieur de 
l'usine, méme si celui-ci n’a qu’une con- 
naissance trés générale de l’électronique. 

Les éléments ont de longs conducteurs 
“volants”, de sorte qu’on peut faire des 
inter-connexions sans panneaux a cosses 
intermédiaires avec cablage supplémen- 
taire, et employer des joints rivés sans 
soudure. Des éléments 4 canaux, équipés 
de plaquettes de connexions d’entrée et 
de sortie, permettent de monter sur ces 
derniéres un nombre de NORBITS par 
fixage & vis unique. 

L’élément NORBIT de base est a 
commutation par transistor. Pour plus 
de simplicité et de flexibilité, il a été 
prévu pour étre utilisé soit comme 
circuit “ET” soit comme circuit “OU”, 
selon le genre de connexion. Au regu des 
données des interrupteurs de limite de 
l'appareil ou d'autres sources d’entrée, 
cet élément de commutation exécute les 
opérations logiques nécessaires et délivre 
des signaux, en succession correcte, a un 
élément de sortie approprié lequel, 4 son 
tour, met en oeuvre les transducteurs 
contrélant ou détectant les fonctions de 
l'appareil. L’élément de base mesure 63,5 
x 39,7 x 12,7mm et on peut en loger 
douze dans un seul canal. 

Un nombre d’éléments de sortie, ayant 
des caractéristiques allant jusqu’a 150 W, 
sont livrés pour actionner des_ contac- 
teurs, des embrayages électromagnétiques,. 
des solénoides, etc. D’autres éléments 
comprennent un compteur et une minu- 
terie avec gamme de 0 a 60sec. 

La série des COMBI-ELEMENTS se 
compose de -basculeurs monostables 
différentiels et autres circuits 4 multi- 
vibrateurs, de faconneurs d’impulsions, 
de circuits 4 porte, d’amplificateurs et 
de circuits & charge cathodique par 
transistor. 

Chaque circuit de COMBI-ELEMENT 
est hermétiquement scellé dans un petit 
coffret en matiére plastique, ne mesurant 
que 53,3 x 23,9 x 9,9mm, pouvant étre 
monté facilement et rapidement sur une 
plaquette a circuit imprimé, par la méme 
méthode que celle normalement employé2 
pour monter des résistances et des con- 
deénsateurs. Les dimensions physiques des 
éléments sont telles qu’on peut en loger 
le plus grand nombre possible sur une 
seule plaquette. 
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La durée de l’assemblage et les frais 
qui en découlent sont donc considérable- 
ment réduits. En outre, les éléments 
individuels ou des plaquettes complétes 
sont aisément interchangeables, donnant 
ainsi une plus grande souplesse a la 
composition de systémes et d’équipements 
plus compliqués et  simplifiant les 
modifications. 

La gamme des circuits est basée sur 
le principe de déclenchement périodique 
c.c. et, en général, le transfert de signal 
délément a élément s’effectue aux 
niveaux c.c. Les flip-flops et autres 
multiv‘brateurs peuvent étre déclenchés 
soil par signal c.c. soit par étage de 
tension (signal c.a.) et, selon l’applica- 
tion, les éléments peuvent étre employés 
pour la logique synchrone ou _ non- 
synchrone, celle-la utilisant des impul- 
sions de référence de temps. 

EE 16759 pour plus amples renseignements 


CONTROLEUR DE TEMPERATURE 
(Illustration a la page 768) 


Fielden Electronics Ltd, Wythenshawe, 
Manchester, Lancashire 


Le premier des instruments de la 
nouvelle gamme_ Fielden’ “ Bikini ” 
d’appareils transistorisés vient de sortir. 
Cest un contréleur de température de 
précision, ayant un différentiel de 0,5°C, 
un étalonnage des plus exacts et une 
stabilité a long terme élevée. 

Ce contréleur est logé dans un petit 
coffret du type 4 compteurs et il n’occupe 
qu’un espace de 114mm de diamétre sur 
le panneau. L’échelle, qui a 229mm de 
long, est étalonnée directement en degrés 
centigrade ou Fahrenheit, l’aiguille étant 
réglée a la température de _ contrdéle 
voulue par un petit bouton au centre de 
l'instrument. Une petite lampe rouge, 
visible tant des cétés que de l’avant, 
indique le processus de contréle. Le 
cofiret est complétement scellé et ne 
contient pas de parties mobiles délicates, 
de sorte que l'appareil peut étre monté 
a n’importe quel angle, par exemple sur 
un pupitre de commande incliné. Le 
controle s’effectue a n’importe quelle 
température entre —200°C et +500°C, 
avec une gamme minima de températures 
de 50°C et 12 étalonnages normaux. 

Un élément a résistance de platine est 
utilisé au point de mesure de la tempéra- 
ture. L’élément est. logé dans un robuste 
fourreau en acier inoxydable de 6,35 mm 
de diamétre. Un cable de connexion 
ordinaire est employé entre le point de 
mesure et l'instrument. La longueur de 
ce cable peut atteindre 91 métres sans, 
cependant, causer des erreurs. 

Le mécanisme de contrdle est a 
“marche/arrét”, soit électrique soit 
pneumatique. Les contacts électriques 
donnent une commutation de 5A 250 V 
tandis que le clapet pneumatique néces- 
site une entrée de 1,2 a 1,4 kg/cm’. 

EE 16 760 pour plus amples renseignements 


TRANSDUCTEUR DE PRESSION 
DIFFERENTIEL 
(Illustration a la page 768) 


Southern Instruments Ltd, Frimley Road, 
Camberley, Surrey 


La société Southern Instruments fournit 
maintenant un manométre différentiel 


DECEMBER 1959 


type G255 qui utilise un élément sensible 
a inductance variable destiné 4 l'emploi 
avec le systtme d’amplification 4 modu- 
lation de fréquence de cette société. 

On peut appliquer des pressions a l'un 
ou l'autre des cétés, ou aux deux cdétés 
d’un diaphragme en cuivre de beryllium. 
Le mouvement de ce diaphragme est 
décelé par un inducteur coulé dans le 
corps de l'appareil. La sortie de tension 
du préamplificateur 4 modulation de 
fréquence est rigoureusement proportion- 
nelle a la différence de pression sur le 
cote du diaphragme. La _ linéarité est 
supérieure 4 3% de la gamme nominale. 
La gamme de pressions s’étend de 0,5-0- 
0.5 kg/cm? a 70,3-0-70,3 kg/cm’. 

EE 1676! pour plus amples renseignements 


REDRESSEUR COMMANDE 
AU SILICIUM 
(Illustration a la page 769) 


Associated Electrical Industries Ltd, Carneime 
Road, Lincola 


Ce nouveau redresseur du genre pnpn 
peut étre considéré comme étant formé 
de deux transistors accouplés par une 
jonction a collecteur commune. C’est en 
somme Iléquivalent, sous forme solide, 
du thyratron ou du redresseur 4 vapeur 
de mercure et a grilles commandeées. II 
fournit une impédance élevée (plusieurs 
mégohms) dans chaque direction, mais il 
peut étre déclenché a basse impédance 
dans une seule direction, par l’applica- 
tion d'un petit signal a la troisiéme 
électrode. Jl posséde les avantages 
habituels d’un encombrement réduit et 
de l’absence d’alimentation de chauffage. 
De plus, son fonctionnement est des 
plus efficaces. 

Ses applications sont semblables a 
celles des redresseurs conventionnels, 
cest A dire: la commande de moteurs 
électriques, l’amorgage d’ignitrons, la 
conversion de courant continu en courant 
alternatif, la conversion de fréquences, 
l’alimentation c.c. 4 commande de phase, 
la commutation statique, etc. 

Les caractéristiques de tension/courant 
d’un redresseur commandé sont presques 
identiques dans le sens inverse a celles 
@un simple redresseur au silicium. La 
direction avant est une image fidéle de 
la direction arriére, jusqu’a la tension de 
rupture. Si on applique un faible courant 
(de 10 &4 100mA) 4a Tlélectrode ‘de com- 
mande, lorsque la tension avant est au- 
dessous de la rupture, le redresseur 
continuera 4 transmettre la tension qui 
le parcourt jusqu’a ce que celle-ci tombe 
presque a zéro. Une méthode communé- 
ment employée consiste 4 contréler la 
sortie du redresseur en changeant la 
phase du courant de déclenchement par 
rapport a la tension alternative appliquée 
au redresseur. 

La gamme actuelle couvre des régimes 
de 25 a 300V de tension inversée de 
créte, 4 des courants avant de 5 a 10A. 

EE 16 762 pour plus amples renseignements 


OSCILLATEUR-AMPLIFICATEUR 
(Illustration a la page 769) 
Airmec Ltd, High Wycombe, Buckinghamshire 
L’oscillateur-amplificateur type 254 a 
été étudié fondamentalement pour servir 
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de source de puissance aux petits servo- 
moteurs, vibrateurs et appareils a fré- 
quences non-courantes. 

Il comprend un amplificateur de puis- 
sance fournissant une sortie de 150 W et 
pouvant étre actionné par un _ signal 
extérieur ou par un oscillateur intérieur 
a variation continue, dans la gamme de 
30 Hz 4 30 kHz. Si nécessaire, l’amplifi- 
cateur peut étre isolé de l’oscillateur et 
employé comme systéme de sonorisation 
extérieure Ou comme modulateur d’émis- 
sion. 

L’étage de sortie se compose de quatre 
lampes EL 34 fonctionnant en push-pull 
paralléle dans un transformateur de 
sortie avec un nombre d’enroulements 
secondaires qui peuvent étre reliés en 
série-paralléle afin de s’adapter 4 une 
gamme étendue de charges. La tension de 
sortie est contrélée par un compteur. Les 
lampes sont entiérement protégées par 
des fusibles et des éclateurs, tandis qu’une 
lampe d’alarme indique les surcharges ou 
les courants anodiques excessifs. De plus, 
les anodes des lampes peuvent étre vues 
a travers une grille sur le panneau avant 
de l'appareil. 

L’oscillateur utilise un réseau a 
réaction a pont de Wien, stabilisé par un 
thermistor, et la fréquence d’oscillation 
est indiquée sur un grand cadran d’une 
lecture facile, A un degré de précision de 
+2°. Lorsque l'appareil est actionné 
par un signal extérieur, la lampe d’oscil- 
lateur est commutée pour fonctionner 
comme pré-amplificateur, donnant une 
sensibilité de 0.1 V pour une sortie totale. 

EE 16 763 pour plus amples renseignements 


APPAREILS IMPRIMEURS 


(Illustration a la page 769) 


The Stonebridge Electrical Co. Ltd, 6 Quvecn 
Anne’s Gate, London, S.W.1 


Cette société vient de présenter une 
nouvelle série d’appareils imprimant sur 
rouleaux de papier des indications de 
comptage et de temps et pouvant étre 
utilisés pour une gamme étendue d’appli- 
cations dans l'industrie et les travaux de 
recherches. 

Ces appareils s’emploient comme en- 
sembles uniques ou comme ensembles 
doubles. Les premiers sont généralement 
des totalisateurs 4 six numéros, 4 impul- 
sions, impression et réenclanchement de 
zéro électriques. Quant aux ensembles 
doubles, ils peuvent comporter soit deux 
totalisateurs soit un totalisateur et un 
élément fournissant des données de date 
et de temps. Le taux maximum d’impul- 
sions est de 10 par seconde, l’impression 
s’effectuant en 100 msec. et le réenclanche- 
ment en 500 msec. 

Il existe des modéles pour différentes 
tensions, tant alternatives que continues. 

EE 16 764 pour plus amples renseignements 


COMPTEUR A SCINTILLATIONS 
MEDICAL 
(Illustration a la page 769) 

Ekco Electronics Ltd, Southend-on-Sea, Essex 

Le compteur a scintillations léger, type 
N618, vient de s’ajouter 4 la série des 
appareils nucléaires pour usages médi- 
caux, construits par la société Ekco Elec- 
tronics Ltd. Cet appareil, qui est muni 
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d’un blindage directionnel type N651, est 
enfermé dans un coffret scellé en acier 
inoxydable permettant de le stériliser a 
froid. La sortie du tube photomultipli- 
cateur est transmise, 4 travers un étage 
a charge cathodique, 4 un cable fixé de 
fagon permanente, a partir duquel des 
connexions peuvent étre effectuées avec 
un compteur ou une échelle appropriés. 
Il peut étre relié directement au comp- 
teur EKCO type N600, mais un ampli- 
ficateur 4 part, tel que !’amplificateur 
EKCO type N640, est nécessaire lorsqu’il 
est relié A un compteur ou a une échelle 
nécessitant une entrée minimum de 5 V. 

Le blindage directionnel retient le 
compteur a scintillations par un simple 
collier de serrage et on peut fixer sur ce 
blindage n’importe lequel des trois colli- 
mateurs courants pour obtenir un choix 
d’angles d’admission. Afin de faciliter le 
repositionnement précis de l’appareil, par 


rapport au malade, il a également été 
doté d’un télémétre 4 tache lumineuse 
coincidente, a réglage continu. 
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APPAREILS DE MESURE 
PORTATIFS DE PRECISION 


(Illustration & la page 769) 


Metrix Instruments Ltd, 54 Victoria Road, 
Surbiton, Surrey 


Une série compléte d’ampéremétres, de 
voltmétres et de wattmétres portatifs de 
précision METRAWATT vient d’étre 
lancée sur le marché par la _ société 
Metrix Instruments Ltd. 

Cette série d’appareils, de construction 
particulitrement robuste, a été étudiée en 
vue de répondre 4 la demande d’instru- 
ments sensibles et d’une _ précision 
supérieure a celle des modéles universels 


d’établi, pour les mesures d’essai et de 
laboratoire ot il est peu pratique ou 
économique d’employer un instrument 
ordinaire, cofiiteux et souvent délicat. 
Cette nouvelle série peut également étre 
employée comme étalons de transfert. 

Les instruments 4 cadre mobile ont 
une précision de +0,5% et compren- 
nent un voltmétre allant de 6 a 600 V 
c.c. en cing gammes. Quatre instruments 
de mesure de courant comportent des 
gammes de 204A a 2mA, de 0,5 a 
50 mA, de 02 4 20A et de 0 a 60mV, 
pour des champs de shunt allant jusqu’a 
2500 A. 

Il existe aussi une série analogue de 
modéles a fer mobile, d’une précision 
de +0,5% ca. et £1% cc. 

Ces instruments sont fabriqués par la 
société Metrawatt A.G., Nuremberg. 
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Resumés des Principaux Articles 


Un systéme d’essais par programme par D. W. Bradfield, A. M. East et H. F. Rourke 


Cet article décrit comment on peut vérifier des équipements électroniques complexes, en une 
fraction du temps qu’il faudrait pour exécuter des essais manueis, en établissant un programme de la 
succession d’essais au moyen d’unisélecteurs. Les résultats de ces essais sont indiqués par affichage 
“‘marche-arrét”. Le programme dont il est question ici fut établi pour vérifier le systéme de puissance 
d’un engin téléguidé, mais les principes sont généralement applicables a une étendue d’équipements. 


Résumé de |’ article 
aux pages 7144721 


Le contréle automatique des distorsions dans les faisceaux hertziens 4 modulation de fréquence 4 large bande par J. Tolman 


L’auteur traite du probléme de la distorsion produite dans les faisceaux hertziens a fréquence 
modulée a large bande, par les caractéristiques non-uniformes de freinage des faisceaux dans les 
amplificateurs haute fréquence. Il décrit un égalisateur automatique expérimental qui corrige ce 
freinage et il donne les résultats obtenus avec un circuit a 600 voies. Il indique, enfin, des méthodes 
pour corriger des distorsions d’ordres plus élevés. 


Résumé de |’ article 
aux pages 722 d 725 


Un appareil pour mesurer les forces de coupage d'outils par J. Goldberg 


L’appareil décrit dans cet article a été calculé pour la mesure successive de composantes de forces 
de coupage sur des outils de tour pendant les opérations d’usinage. Les éléments sensibles a la force 
sont des extensomeétres a resistance bobinée, employés conjointement avec un dynamométre d effort, 
a deux composantes. Les circuits de mesure sont formés de transformateurs a enroulements couples 
inductivement, d'un rapport 1 : 1, qui alimentent des séries d’extensometres reliés de fagon appropriée. 
Chaque composante de force est mesurée par un montage en pont séparé, le circuit d’ entrée et de sortie 
de chaque pont étant branché dans la succession voulue, entre une source d’attaque a courant alternatif 
et un détecteur commun. Par ce moyen, l’effet de la résistance de contact de commutation est rendu 
insignifiant. 

On emploie la détection sensible aux phases pour observer les changements de la composante 
résistive de déséquilibre des ponts, ainsi que les signes de contrainte. 

Le systéme de présentation consiste en un enregistreur a plume contenant un dispositif pour lever et 
abaisser la plume, afin de partager la durée d’enregistrement entre le nombre de voies employées. 

Des lectures totales, correspondant a des efforts de 100, 250 et 500 kgs. environ, sont fournies par 
l’appareil qui peut étre étalonné directement par charge statique. L’article conclut pas des données 
de forces de coupage obtenues avec l’appareil. 


Résumé de I’ article 
aux pages 726 d 732 


Analyse a large bande de circuits de déphasage a tube électronique par L. J. Giacoletto 

Il s’agit ici d’un circuit de déphasage constituant la contrepartie électronique d’un transformateur 
a sortie équilibrée, ayant deux sorties dont les tensions sont idéalement égales en magnitude, mais 
a 180° de séparation en phase. Cette opération idéale est réalisée aux basses fréquences. Des 
capacités entre électrodes modifient les rapports de sortie aux fréquences supérieures et cest 
précisément cet effet qu’analyse l’auteur. Aprés avoir examiné tant les rapports de dessin précis que 
les rapports approximatifs, il les compare avec les données mesurées d’un circuit-type. Il en résulte 
qu'un fonctionnement quasi idéal, a des fréquences assez élevées, peut étre obtenu en employant des 
impédances appropriées de charge égale. On peut encore améliorer ce fonctionnement dans une 
certaine mesure en ajoutant un petit inducteur de pointe dans l’impédance anodique. 


Résumé de |’article 
aux pages 733 d 735 
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Une commande automatique de caméra par H. R. A. Townsend 


Un tube a cathode froide miniature pour commander un relais a plusieurs contacts constitue un 
élément fort souple au moyen duquel on peut construire un contréleur de fonctionnement. La 
Résumé de l'article commande d’appareil dont il est question ici comporte un simple circuit a retard, un circuit de 
aux pages 736 d 739 synchronisation, un circuit d amor¢age a distance, ainsi qu’un compteur binaire, également construit 
avec des tubes a cathode froide miniature. Cette commande exécute le cadencement relativement 
complexe nécessaire pour obtenir une photographie entiérement automatique des traces présentées 

sur un oscillographe a rayons cathodiques. 


La simulation électronique d'une charge appliquée 4 un muscle d’insecte par K. E. Machin 


Certains muscles d'insectes se contractent rythmiquement lorsquwils sont chargés de maniére 
appropriée. L’oscillation est commandée dans une grande mesure par les paramétres mécaniques de 
la charge. On vient de mettre au point un appareil qui simule électroniquement la masse, la viscosité 
et la raideur de la charge et qu’on peut donc faire varier facilement. Le rapport entre la force et la 
longueur d’un muscle oscillant peut étre reproduit sur un tube cathodique tandis que la fréquence 
d’oscillation et la sortie de puissance sont présentés sur des compteurs. L’appareil peut étre employé 
aussi pour mesurer directement l’impédance mécanique d’un muscle en fonction de la fréquence. 


Résumé de I’ article 
aux pages 740 a 744 


Un simple stabilisateur de courant pour électro-aimants par M. H. N. Potok 


Pour certaines expériences dont il est fait mention dans cet article, il a fallu fournir un champ 
magnétique exempt d’ondulations et de dérive lente, l’électro-aimant utilisé a cet effet nécessitant 
Résumé de l'article — environ 10A @ une tension de 100V. Les diverses méthodes d’alimentation de I’ électro-aimant, ainsi 
aux pages 745 d 746 que le mode de rotation employé, sont briévement décrits. Le courant est fourni par une amplidyne, 
l’ondulation est réduite par des transistors et la dérive lente est évitée par l'emploi d’un amplificateur 

a courant continu. 


La synthése des filtres hautes fréquences 4 transistors par L. M. Vallese 


Cet article traite des méthodes de synthése de filtres h.f. a transistors, basées sur l'utilisation de la 
transformation du réseau équivalant. Aux fins de simplification, la réa: tion intrinséque des. transistors, 
Résumé de I’article qui est fort peu importante dans les éléments a base diffuse, a été négligée. Deux structures a échelles 
aux pages 7484752 _—_réglementaires, du type hybride-7 et hybride-T respectivement, sont étudiées pour la synthése de 
paires a péles composés; celles-ci sont mises en cascade par (et, en certains cas, sans) intercalation 

d’étages intermédiaires. L’auteur donne des exemples de filtre vidéo et passe-bande. 


Variation de la conductance d’entrée d'un transistor 4 jonction, 4 base mise a la terre, et les applications pratiques de cette variation 


par S. Deb et J. K. Sen 

Cet article traite du probléme de la variation de la conductance d’entrée d’un transistor a jonction 
a base mise a la terre en fonction du courant direct d’entrée. Des moyens y sont suggérés en vue de 
maintenir cette variation linéaire dans une gamme étendue de valeurs de courant, ainsi que pour 
réduire le glissement thermique. Sur le plan pratique, une description est donnée des performances 
d’un modulateur d’amplitude et d’un multiplicateur analogique utilisant un transistor selon les méthodes 
indiquées. 


Résumé de I’ article 
aux pages 753 4 755 


Systéme a mémoire en ferrite 4 action rapide par C. J. Quartly 

L’auteur décrit un systéme a mémoire en ferrite, a cadre, qui obvie a la vitesse limitée imposée par 
le matériau de noyau lorsqwil est employé dans une mémoire conventionnelle avec choix 
dentrainement coincident. Chaque nombre est emmagasiné, sous forme de différence de niveaux de 
Résumé de l'article flux, dans deux noyaux qui ne sont que partiellement branchés pendant le processus d’écriture. Des 
aux pages 756 a 758 mesures effectuées sur une paire de noyaux montrent comment la sortie varie pendant la lecture en 
fonction de la durée de l’impulsion d’écriture et de amplitude, ainsi qu’en fonction de amplitude de 
limpulsion numérique. L’application de ce principe, avec choix de mots extérieur, permet de réaliser 

une durée cyclique de lecture/écriture de 0,5 microsecondes dans une petite mémoire. 


Prises entiérement métalliques 4 l’épreuve du feu pour vides élevés par N. W. Robinson 

En raison du nombre croissant de tubes d’hyperfréquences et d’ intensification d’ images, il devient 
nécessaire de créer des vides de l’ordre de 10-'° mm. Hg. Ceci peut étre réalisé selon un systéme 
décrit par Alpert, dont un élément essentiel est une prise d’isolement non-graisseuse. Cet article 
décrit une prise entiérement métallique a l’épreuve du feu, répondant a cette condition, dont le 
rendement est également donnée. 


Résumé de |’ article 
aux pages 759 d 760 
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GERMANIUM- 
LEISTUNGSTRANSISTOR 
(Abbildung Seite 766) 
Svivania-Thorn Colour Television Laboratories 
Ltd, Great Cambridge Road, Enfield, Middlesex 

Sylvania- Thorn Colour Television 
Laboratories Ltd haben eine neue Serie 
legierter npn Ge-Transistoren fiir 60V 
6 A eingetiihrt. Sie wurden fiir Leistungs- 
schalten entwickelt und werden voraus- 
sichtlich Konstrukteuren  elektronischer 
Gerite fiir geringere Kosten als_bisher 
mehr Spielraum fiir Anwendung der npn 
Transistortechnik geben. 

Der GT422 kann, neben anderen 
Verwendungszwecken, mit einem pnp 
Transistor zusammen als ergainztes Paar 
fiir transformatorenlose Ausgangsstufen 
von Radio- oder Servoverstarkern, sowie 
in Serienspannungsreglern _ eingesetzt 
werden. Andere Typen dieser Serie sind 
die GT424 (60 V 3 A), GT425 (36 V 
6 A) und GT426 (36 V 3 A). Die maxi- 
male Kristalltemperatur ist 85°C. 


EE 16751 fiir weitere Einzelheiten 


KERNTECHNISCHE ZAHLGERATE 
(Abbildung Seite 766) 








Isotope Developments Ltd, Beenham Grange. 
Aldermaston Wharf, Nr. Reading, Berkshire 
Mit der ,,1800% Serie hat Isotope 
Developments Ltd. vor kurzem_ ihre 


neueste Geriiteserie angekiindigt. Es ist 
eine Serie preisgiinstiger kerntechnischer 
Zahlgerite, die fiir Operationsgenauig- 
keit, volle Anpassungsfahigkeit, sowie 
einfache Wartung und Service enwickelt 
wurde. Die Geriite werden in form- 
schénen Gehiusen mit Kippstand gelie- 
fert, sodass sie entweder einzeln oder 
aufeinander’ gestellt benutzt werden 
kénnen. Auf Wunsch kénnen sie auch 
leicht fiir Gestellmontage umgebaut 
werden. Da alle Zuleitungen von hinten 
angeschlossen werden und das Gehiuse 
von vorn montiert ist, kann das Innere 
des Gerites ohne Lésung der Kabel 
zuginglich gemacht werden. 
Einsteckplatinen mit gedruckten Schal- 
tungen finden in der Serie weitgehende 
Verwendung, und identische Netzteile 
werden in alle Gerite eingebaut, um den 
Ersatzteilbedarf und den Service zu 
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Bauelemente, 


gemachten Angaben. 


vereinfachen. Jedes Gerat wird nach 
einem 100 Stunden-Test mit  vollen 
Bedienungsanweisungen und einer 
Ersatzteilausriistung versandt. 

Die ersten drei Geriite dieser Seric 
sind nunmehr lieferbar als Untersetzer 
Type 1800, Hochspannungsquelle Type 
1820 und Verstirker mit Impulsselektion 
Type 1830. 

Die folgenden Instrumente sind fiir die 
Serie vorgesehen: ein Ratemeter Type 
1810, ein Vorsatz-Untersetzer Type 1850 
und ein Potentiometergerit Type 1840. 
Weitere Geriaite werden spater angekiin- 
digt. 

EE 16752 fiir weitere Einzelheiten 


DEKATRON NETZGERAT 
(Abbildung Seite 766) 

Sandmar Electronic Products, 68 Nina Drive. 
New Moston, Manchester, 10, Lancashire 
Die Netzgeraite wurden besonders zur 

Stromversorgung von Dekatrons und den 

zugehoérigen Schaltungen entwickelt. Sie 

werden entweder als Chassisbaustein oder 


auf Frontplatte fiir 483mm (19 Zoll) 
Gestelle geliefert. 
Das Gerat liefert drei stabilisierte 


Ausgangsspannungen: die erste gibt bis 
zu 10mA +450V_  Gleichstrom mit 
weniger als 0,02% Restwelligkeit ab; die 
zweite +300 V Gleichstrom bis 200mA 
mit weniger als 0,005°%, Restwelligkeit 
und reguliert innerhalb 0,1°% fiir Bela- 
stungsschwankungen von 0... 200mA; 
die dritte liefert —100 V Gleichstrom fiir 
10 mA. Ausserdem sind unstabilisierte 
Wechselspannungen von 4 oder 6,3 V bei 
3 A vorgesehen. Das Geridt ist so kon- 
struiert, dass beim Einschalten die Span- 
nungen folgerichtig abgegeben werden. 
EE 16753 fiir weitere Einzelheiten 


KASSETTE FUR ENDLOSES 
MAGNETBAND 


(Abbildung Seite 766) 


Guy’s Calculating Machines Ltd, Truro Road, 
London, N.22 


Die .,Brittape“ Kassette fiir endloses 
Magnetband stellt jedes flache Laufwerk 
fiir 178mm (7 Zoll) Spulen auf Dauer- 
betrieb um. Die Kassette wird auf eine 
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Zubeho6rteile und Priifgeréte auf Grund der von Herstellern 


Ubersetzung der Seiten 766 bis 769 


der Laufwerk-Antriebsspindeln _—_auf- 
gesetzt und kann bis zu 61m dauernd 
umlaufendes 635mm (1/4 Zoll) Stan- 
dard- oder Langspiel-Magnettonband auf- 
nehmen. 

In Betrieb wird die Kassette durch das 
Magnetband, das in _ iiblicher Weise 
durch das bestehende Laufwerk gezogen 
wird, angetrieben. 

Durch die ,,Brittape“ Kassette kénnen 
Ansagen oder Signalzusammenstellungen 
bis zu 22 Minuten dauernd zirkulieren, 
oder das Band kann _ kontinuierlich 
laufen, um Einschwingvorginge aufzu- 
zeichnen, die in regellosen Intervallen 
auftreten. 

EE 16754 fiir weitere Einzelheiten 


NETZGERAT FUR 
DEHNUNGSMESSER 
(Abbildung Seite 767) 
Solartron Electronic Grour Ltd, Thames Ditton. 
urrey 

Dieses sechskanalige Netzgerat fiir 
Dehnungsmesser Type AS958 ist durch- 
gehend mit Transistoren bestiickt und 
wurde hauptsichlich fiir Verwendung mit 
Solartron Druckumwandlern eingefiihrt. 

Ein iibliches stabilisiertes Netzgerit 
kann viel unerwiinschtes Brummen her- 
vorrufen, wenn ein Umwandler direkt an 
einen Hochleistungsverstarker wie z.B. 
den Solartron AA900 Datenverstarker 
angeschlossen wird. Modell AS958 ist 
insofern eine Neuentwicklung, als ein 
Spezialtransformator die unerwiinschte 
Ubertragung zu weniger als 0,1°% des 
Skalenvollanschlages verringert. 

Das Gerit wurde zum Anschluss an 
Briicken mit einem Eingangswiderstand 
von 3502 entwickelt, kann jedoch auch 
fiir Widerstandsbriicken hGdherer Impe- 
danz Verwendung finden. Dadurch ist das 
Geraét zur Speisung fast aller verbun- 
denen oder unverbundenen Dehnungs- 
messertypen geeignet. 

Des Netzgerit hat sechs_ einzelne 
stabilisierte Stromversorgungs-Bausteine, 
deren Schaltungen keine gemeinsamen 
Punkte haben. Jeder Baustein kann 5 V 
regulierte Nenngleichspannung bis zu 
20 A abgeben. Mit einem ,,Empfindlich- 
keits‘-Regler kann die Ausgangsspannung 
+5% geindert werden. 
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Ein eingebauter  ,,Ausgleichs‘-Regler 
kann die Nullstellung der Briicke bis zu 
10% des Vollausschlages korrigieren. Die 
Empfindlichkeitsregelung kann fiir jeden 
Kanal auf der Frontplatte vorgenommen 
und die jeweilige Einstellung konzentrisch 
verriegelt werden. 
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HF INDUKTIONS- 
ERWARMUNGSANLAGEN 
(Abbildung Seite 767) 

Pye Ltd, R.F. Heating Division, 28 James Street. 
Cambridge 

Die zweite Induktions-Erwarmungsan- 
lage in der neuen Pye-Serie ist das 
Tischmodell R.F.2 mit einer  mittel- 
grossen Ausgangsimpedanz und _ einer 
Dauerleistung von 2 kW bei 2 MHz. Das 
Aluminiumgehiuse mit Sicherheitsschal- 
tern und abnehmbaren Seitenwanden ist 
in Gestaltung dem ersten Modell ahnlich. 
Die Gesamtabmessungen des Gerites 
sind 616mm hoch, 445mm breit und 
540 mm tief. Die Anlage ist unabhiangig, 
mit eingebauter automatischer Programm- 
uhr mit Riickstellung, Schiitze fiir die 
ROhren und Wasserdruckschalter zum 
Schutz der Anlage. Fernsteuerung ist 
vorgesehen, und am Ende der Erwiar- 
mungsperiode kann ein Signal die 
Abschreckung oder irgendeine andere 
Operation einleiten. Die Anlage arbeitet 
mit einer einphasigen Netzspannung von 
180...250V 50Hz und verbraucht bei 
Vollbelastung 3,1 kW. 


EE 16 756 fiir weitere Einzelheiten 


TRAGBARER 
UNTERGRUNDMONITOR 
(A bbildung Seite 767) 

Plessey Nucleonics Ltd. Weedon Road, 
Northampton 

Plessey Nucleonics haben einen neuen, 
leichten, tragbaren Monitor zur Messung 
von Untergrundstrahlungen entworfen 
und konstruiert. 

Dieser als Type PNI1702 eingefiihrte 
Monitor wurde entwickelt, um _ den 
Bedarf fiir ein genaues Instrument, das 
jede Untergrundstrahlung schnell und 
leicht misst zu decken. Der Nachweis 
erfolgt durch ein Geiger-Miiller Halo- 
genzihlrohr, die Messung in einem 
Transistor-Ratemeter mit direkter An- 
zeige in Dosisrate auf der 63,5 mm Skala 
eines Drehspulinstrumentes. Das Mess- 
gerat hat einen Bereich vor 0... 30 mr/h 
auf zwei quasilogarithmischen Skalen 
mit einer min. Skaleneichung von 30 ur/h. 
Das Gerat wird von einer 9 V Trocken- 
batterie gespeist und wiegt 3.6 kg. 
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BANDFILTER 
(Abbildung Seite 767) 


Salford Electrical Instruments Ltd, Times Mill, 
Heywood, Lancashire 


Salford Electrical Instruments Ltd, eine 
Tochtergesellschaft der General Electric 
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Co. Ltd, hat zwei neue _ serienmissig 
hergestellte Filter eingefiihrt, die die 
Durchlasskennlinien fiir UKW-Fern- 
meldeempfanger bestimmen. 

Die als 455KBP50 und 455KBP25 
bekannten Typen entsprechen den fiir 
Selektion in den Fernfunknormen der 
britischen Postverwaltung fiir ZF fest- 
gelegten Kanalabstanden von 25 kHz und 
50 kHz. 

Das Filter ist vollstandig vergossen und 
in einen Metallbehialter eingebaut, wobei 
die Eingangs- und Ausgangsleitungen zu 
je zwei kurzen Sadulen an jeder Seite des 
Behilters herausgefiihrt werden. 

Die Befestigung ist so angeordnet, dass 
das Filter in einen Chassisausschnitt 
montiert werden kann, sodass die Filter- 
anschliisse dem Rest der Schaltung so 
nahe wie mdglich liegen. 
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ELEKTRONISCHE BAUSTEINE 
(Abbildung Seite 768) 
Mullard Equipment Ltd, Mullard House, 
orrington Place, London, W.C.1 

Mullard Equipment hat zur Kon- 
struktion von elektronischen  Steu- 
erungssystemen, Digitalrechnerelementen, 
Datenverarbeitungsanlagen, Messystemen 
und anderen Geriten, die aus Digital- 
schaltungen aufgebaut sind, eine umfas- 
sende Serie elektronischer Standard- 
Bausteine eingefiihrt. 

Diese Bausteine bestehen aus voll- 
staindigen, véllig entwickelten Schaltun- 
gen, die garantiert in jeder gewiinschten 
Zusammenstellung bestens arbeiten und 
der scharfsten Priifung fiir Betriebs- 
sicherheit unter den _ schwierigsten 
Betriebsbedingungen unterliegen. 

Zwei Bausteinserien sind _lieferbar: 
»Norbits“ und ,,Combi-Elements“. Nor- 
bits wurden hauptsichlich fiir Industrie- 
firmen  entwickelt, die ihre eigenen 
Steuerfolgesysteme schnell, wirtschaftlich 
und ohne ausgebildete elektronische 
Ingenieure bauen wollen. Sie kénnen 
auch als Standard-Bausteine von Firmen 
verwandt werden, die sich auf Steue- 
rungssysteme spezialisiert haben. 

Die Serie umfasst alle zur Konstruk- 
tion von Werkzeugmaschinen-und Trans- 
ferstrassensteuerung, Werkschutzsystemen, 
automatischer Liftsteuerung, Programm- 
folgesystemen usw. erforderlichen Schal- 
tungen. 

.Combi-Elements“ sind besonders fiir 
Hersteller elektronischer Systeme und 
Anlagen gedacht und geben ihnen eine 
Serie von  Standard-Bausteinen, die 
iiblicherweise verwandte  Digitalschal- 
tungen darstellen. Abgesehen von der 
Verkiirzung von Entwicklungszzit und 
-kosten, fiihrt ihre Verwendung zu 
wesentlichen Raumersparnissen und 
gewahrt gréssere Anpassungsfahigkeit 
beim Bau grosser Systeme und Anlagen. 

Zur Erreichung héchster Zuverlassig- 
keit sind sowohl Norbits als auch 
Combi-Elements’ voll __ transistorisiert. 
Transistoren erméglichen auch den 
Einbau der verschiedenen Schaltungen 
in gedrungene Kunststoffbehilter klein- 
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ster Abmessungen, verringern den 
Energieverbrauch, vereinfachen Wiarme- 
ableitungsprobleme und vermeiden 
Hochspannungsquellen. 

Norbit-Bausteine wurden besonders 
entwickelt, um dem _ Betriebsingenieur 
einer Firma, der nur eine sehr allge- 
meine Kenntnis der Elektronik hat, die 
ganze Planung und Konstruktion eines 
industriellen Programm-Steuerungssy- 
stems zu ermdglichen. 

Die Bausteine haben lange Zuleitun- 
gen, sodass Verbindungen ohne Liot- 
stiitzpunkte und zusatzliche Verdrahtung 
unter Verwendung geklemmter, nicht 
geléteter Verbindungspunkte hergestellt 
werden k6nnen. Kanaleinheiten mit 
Klemmleisten fiir Eingangs- und Aus- 
gangsverbindungen mit _ Einlochbefesti- 
gung fiir mehrere Norbits sind lieferbar. 

Der grundsatzliche Norbit-Baustein ist 
ein Transistor-Schaltelement, das im 
Interesse der Einfachheit und Anpas- 
sungsfahigkeit, und entsprechend der 
Verdrahtung als UND- oder als ODER- 
Schaltung eingesetzt wird. Nach Erhalt 
der Information von den Machinen- 
grenzschaltern oder von anderen Ein- 
gangsquellen fiihrt der Baustein die 
erforderlichen logischen Operationen aus 
und liefert folgerichtige Signale an ein 
geeignetes Ausgangsgerat, das seinerseits 
Umwandler erregt, die die Maschinen- 
funktion bestimmen oder iiberwachen. 
Die Bausteinabmessungen sind 63,5 » 
39,7 x 12,.7mm. Ein’ einziger Kanal 
kann 12 Norbits aufnehmen. 


Mehrere Ausgangsgeriite mit ver- 
schiedenen Nennleistungen bis zu 150 W 
zur Betatigung von Schaltwerken, elek- 
tromagnetischen Kupplungen, Solenoids 
usw., sowie ein Zahler und eine Uhr 
von 0... 60 s und andere Bausteine sind 
lieferbar. 


Die Combi-Elements-Serie umfasst 
Flip-Flop und Mehrfachvibratorschal- 
tungen, Impulsformer, Torschaltungen, 
Verstirker und Emitterverstairkerschal- 
tungen. 


Jede Combi-Element-Schaltung _ ist 
luftdicht in einem kleinen Kunststoff- 
behalter von nur 53,3 x 23,9 x 9.9mm 
verschlossen und fiir schnelle und leichte 
Montage auf Platinen gedruckter Schal- 
tungen konstruiert, wobei  dieselben 
Methoden wie fiir die Montage von 
Kondensatoren und Widersténden An- 
wendung finden. Die Bausteine sind 
raummissig so gestaltet, dass die grésst- 
méglichste Anzahl auf einer Platine 
untergebracht werden kann. 


Dadurch werden Montagezeiten und 
-kosten reduziert, und einzelne Bausteine 
oder ganze Platinen kénnen leicht aus- 
gewechselt werden, wodurch_- eine 
gréssere Anpassungsfahigkeit in der 
Zusammenstellung komplizierterer Systeme 
und Anlagen und eine Vereinfachung 
fiir Abanderungen erreicht wird. 


Diese Schaltungsserie stiitzt sich auf 
das Gleichstromtor, und im allgemeinen 
werden Signale von Baustein zu Baustein 
durch Gleichspannungen _ iibertragen. 
Flip-Flop und andere Mehrfachvibra- 
toren kénnen entweder durch ein 
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Gleichstromsignal oder eine Spannungs- 
stufe (Wechselstromsignal)  getriggert 
werden. Dem_ Einsatz entsprechend 
kénnen die Bausteine fiir asynchrone 
oder synchrone Logik verwandt werden, 
wobei die letzere Zeitimpulse benutzt. 


EE 16759 fiir weitere Einzelheiten 


TEMPERATURREGLER 
(Abbildung Seite 768) 
Fielden Electronics Ltd, Wythenshawe, 
Manchester, Lancashire 

Fielden kiindigt das erste Gerat in der 
neuen “Bikini’’-Reihe _ transistorisierter 
Instrumente an. Es ist ein Priazisions- 
Temperaturregler mit einem Anzeige- 
differenzial von 0,5°C, hoher Eichgenau- 
igkeit und Dauerstabilitat. 

Das Instrument ist in ein kleines 
Messgeritgehiuse eingebaut und nimmt 
auf der Frontplatte nur einen Platz von 
114 mm Durchmesser ein. Die 229 mm 
lange Skala ist direkt in Celsius oder 
Fahrenheit geeicht, und der Zeiger wird 
durch einen kleinen Knopf im Instru- 
mentmittelpunkt auf die gewiinschte 
Regeltemperatur eingestellt. Eine rote 
Lampe, die sowohl von der Seite als 
auch von vorn sichtbar ist, zeigt die 
Regeltitigkeit an. Das Messgeritgehiuse 
ist vollstindig abgedichtet und enthialt 
keine empfindlichen beweglichen Teile, 
sodass das Instrument in jeder Lage, 
z.B. auf einer geneigten Pultplatte, mon- 
tiert werden kann. Die Regelung kann 
bei jeder Temperatur zwischen —200°C 


+500°C erfolgen. 12 Standard 
Eichungen sind vorgesehen. 
Als Temperaturmesspunkt dient ein 


Platin-Widerstandselement, das in einer 
widerstandsfihigen Hiille aus rostfreiem 
Stahl von 6,35mm Durchmesser unter- 
gebracht ist. Zwischen dem Messpunkt 
und dem Instrument kann gewéhnliches 
Kabel bis zu 90 m_ Linge benutzt 
werden, ohne dass Fehler auftreten. 
Der Regler schaltet elektrisch oder 
pneumatisch ein - aus. Die elektrischen 
Kontakte schalten 5A 250V um, und 
das pneumatische Ventil benétigt einen 
Eingabedruck von 1,2... 1,4 kg/cm’. 
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DIFFERENTIAL-DRUCKWANDLER 
(Abbildung Seite 768) 
Southern Instruments Ltd, Frimley Road, 
Camberley, Surrey 

Southern Instruments kann jetzt einen 
Differentialdruckwandler G255_liefern, 
dessen Fiihlerelement  veranderlicher 
Induktivitét mit ihrem FM Verstirker- 
system Verwendung findet. 

Druck kann entweder auf jede ein- 
zelne Seite oder beide Seiten der Beryl- 
liumkupfermembran ausgeiibt werden; 
die Membranbewegung wird von einer 
in den Wandler eingegossenen Spule 
entdeckt. Die Ausgangsspannung des 
FM Vorverstiarkers ist der Druckdifferenz 
auf der Membranseite genau propor- 
tional. Die Geradlinigkeit iiber den 
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besser als 3%. Der 
Druckbereiche von 
bis 70-0-70 kg/cm* 


Nennbereich ist 
Wandler ist fiir 
0,07-0-0,77 kg/cm? 
lieferbar. 

EE 16761 fiir weitere Einzelheiten 


GESTEUERTE 
SILIZIUMGLEICHRICHTER 


(Abbildung Seite 769) 


Associated Electrical Industries Ltd, Carholme 
Road, Lincoln 


Dieses neue Element in pnpn Form 
kann als zwei Transistoren betrachtet 
werden, die durch eine gemeinsame 
Kollektorfliche gekoppelt sind; es ist das 
Festkérperequivalent des Thyratrons 
oder des gittergesteuerten Quecksilber- 
dampfgleichrichters. Es hat in jeder 
Richtung eine hohe Impedanz von 
mehreren Megohm, kann jedoch durch 
ein kleines Signal zur dritten Elektrode 
in einen Zustand geringer Impedanz in 
einer Richtung getriggert werden. Es hat 
die iiblichen Festkérpervorteile: kleine 
Grosse, keine Heizfadenversorgung und 
hohe Betriebsleistung. 

Die Anwendungsgebiete sind denen 
herkémmlicher Vorrichtungen dhnlich, 
z.B. Motorenregelung, Ziindung von 
Ignitrons, Gleichstrom/Wechselstrom- 
Umwandlung, Frequenzumwandlung, 
phasengesteuerte Gleichstromquellen, 
statisches Schalten usw. 

In der Sperrichtung sind die Span- 
nung/Strom-Kennlinien fast mit denen 
eines einfachen  Silizium-Gleichrichters 
iibereinstimmend. In der Durchlassrich- 
tung sind die Kennlinien bis zur Durch- 
schlagsspannung ein Spiegelbild der 
Sperrkennlinien. Wenn in kleiner Strom 
von 10...100mA zur Steuerelektrode 
fliesst, waihrend die Durchlassspannung 
niedriger als die Durchschlagsspannung 
ist, so wird der Gleichrichter leitend 
bleiben, bis die angelegte Spannung fast 
null ist. Der Gleichrichterausgang wird 
nach einer bekannten Methode durch 
Phasenverschiebung des _ Triggerstroms 
gegeniiber der an den _ Gleichrichter 
gelegten Wechselspannung gesteuert. 


Zur Zeit sind Gleichrichter im Bereich 
25...300 V_  Spitzensperrspannung' mit 
Durchlassstr6men von 5 und 10 A 
lieferbar. 
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OSZILLATOR-VERSTARKER 
(Abbildung Seite 769) 
Airmec Ltd, High Wycombe, Buckinghamshire 

Der Oszillator-Verstarker Type 254 
wurde hauptsichlich als Antriebsquelle 
fiir kleine Servometer, Vibratoren und 
Gerite fiir ungenormte Frequenzen 
entwickelt. 

Das Gerat besteht aus einem 150 W- 
Hochleistungsverstarker, der entweder 
durch ein Fremdsignal oder einen einge- 
bauten Oszillator mit stufenloser Abstim- 
mung von 30Hz...30kHz angetrieben 
wird. Der Verstarker kann auch vom 
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Oszillator isoliert und als Rundspruch- 


gerit oder Modulator eines Senders 
eingesetzt werden. 
Die Ausgangsstufe besteht aus vier 


EL34 R6éhren in _ Parallel-Gegentakt- 
schaltung und einem Ausgangsumsetzer 
mit mehreren Sekundarwicklungen, die 
in Serien-Parallelschaltung einem weiten 
Belastungsbereich angepasst werden k6n- 
nen. Die Ausgangsspannung wird durch 
ein eingebautes Messgerat iiberwacht. Die 
RGhren werden durch Sicherungen und 
Funkenstrecken voll  geschiitzt. Eine 
Signallampe zeigt Ubersteuerung oder 
unzuliassigen Anodenstrom an. Ausserdem 
sind die Réhrenanoden durch Front- 
plattengitter sichtbar. 


Die Oszillatorschaltung besteht aus 
einem __ thermistorstabilisierten | Wien- 
briicken-Gegenkopplungsnetzwerk, _des- 


sen Frequenz auf einer klaren Grossskala 
mit +2°% Genauigkeit angezeigt wird. 
Fiir Fremdsignalantrieb wird die Oszil- 
latorréhre als Vorverstirker geschaltet 
und hat dann bei voller Ausgangsleistung 
0,1 V Empfindlichkeit. 
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DRUCKENDE ZAHLER 
(Abbildung Seite 769) 
The Stonebridge Electrical Co. Ltd, 6 Queen 
Anne’s Gate, London, S.W.1 

Die Firma hat druckende Zéhler einge- 
fiihrt, die auf Papierrollen Zahlungs- und 
Zeitangaben drucken und in Industrie 
und Forschung weitgehende Verwendung 
finden k6nnen. 

Sie sind als Einzel- oder Doppelgerate 
lieferbar. Normalerweise sind die Einzel- 
gerite sechsstellige, summierende Zahler 
mit elektrischem Impuls, Druck und 
Léschung. Doppelgérite kénnen_ ent- 
weder mit zwei summierenden Zahlern 
dieser Art oder mit einem summierenden 
und einem Gerat, das Datum und Zeit 
angibt, ausgeriistet werden. Die Impuls- 
Hochstgeschwindigkeit ist- 10 pro Se- 
kunde, Drucken wird in 100 ms und 
Léschen in 500 ms ausgefiihrt. 

Modelle sind fiir die verschiedensten 
Gleich- und Wechselspannungen lieferbar. 
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MEDIZINISCHER 
SZINTILLATIONSZAHLER 

(Abbildung Seite 769) 
Ekco Electronics Ltd, Southend-on-Sea, 
Ekco Electronics Ltd haben vor kurzem 
ihr Kerngeriiteprogramm fiir medizinische 
Zwecke durch Einfiihrung des le‘chten 
Szintillationszihlers N618 mit Richtungs- 
schild N651 erweitert. Der Einbau des 
Zahlers in einen abgedichteten Behalter 
aus rostfreiem Stahl lasst Kaltsterilisation 
zu. Der Ausgang einer Fotomultiplier- 
réhre wird iiber eine Kathodenver- 
stirkerstufe einem stindig angeschlos- 
senen Kabel zugeleitet, mit Hilfe dessen 
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ein Ratemeter oder Untersetzer ange- 
schlossen werden kann. Der Zahler 
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kann direkt an das Ekco Ratemeter N600 
angelegt werden, benétigt jedoch einen 
getrennten Verstarker, wie z.B. Ekco 
N640, wenn er mit einem iiblichen Rate- 
meter oder Untersetzer mit Mindestein- 
gangsspannung von 5V_ Verwendung 
finden soll. 

Eine einfache Schelle befestigt den 
Szintillationszahler im  Richtungsschild. 
Durch Einbau eines der drei Standard- 
Kollimatoren kénnen verschiedene Auf- 
nahmewinkel erzielt werden. Um den 
Zahler in Bezug auf den Patienten wieder 
in die genaue Lage bringen zu kénnen, 
ist ein stufenlos einstellbarer Entfer- 
nungsmesser mit Koinzidenzlichtpunkten 
eingebaut. 


TRAGBARE 
PRAZISIONS-MESSGERATE 


(Abbildung Seite 769) 


Metrix Instruments Ltd, 54 Victoria Road, 
urbiton, Surrey 
Metrix Instruments Ltd bringt neuer- 
dings eine vollsténdige Auswahl trag- 
barer ,,Metrawatt“ Prazisions-Strom-, 
Spannungs- und Leistungsmesser auf den 
Markt. 


Diese sehr sorgfaltig konstruierten 
Messgerate wurden fiir Priif- und Labor- 
messungen entwickelt, die empfindliche 
Instrumente einer Genauigkeit erfordern, 
die iiber der der iiblichen Universalinstru- 
mente liegt, fiir die jedoch teure und oft 


weder unbequem oder unwirtschaftlich 
sind. Die Serie ist auch fiir Ubertragungs- 
normen geeignet. 

Die Drehspulinstrumente haben eine 
Genau'gkeit von +0,5%. In dieser Serie 
ist auch ein Gleichspannungsmesser von 
6...600V in fiinf Bereichen lieferbar. 
Vier Strommesser fiir die Bereiche 20 uA 
...2MA, 0,5...50mA, 0,2...20A und 
0...60mV erméglichen Messungen bis 
2 500 A mit Nebenschlusswiderstanden. 

Eine ahnliche Serie von Weicheisen- 
instrumenten ist mit +0,5% Wechsel- 
strom- und +1% Gleichstromgenauigkeit 
lieferbar. 

Die Messgeriite werden von Metrawatt 
A.G. Niirnberg hergestellt. 
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Zusammenfassung 
der wichtigsten Beitrage 


von D. W. Bradfield, A. M. East und H. F. Rourke 


Dieser Beitrag beschreibt, wie komplexe elektronische Gerdte durch Programmierung der Priiffolge 
mittels eines nur in einer Richtung laufenden Wahlers in einem Bruchteil der Zeit gepriift werden 
Zusammenfassung des_ —_ kdnnen, die manuelle Tests in Anspruch nehmen wiirden. Die Testresultate werden als “‘gut-fehlerhaft” 
Beitrages auf Seite 714-721 angezeigt. Das beschriebene Programm wurde zur Priifung des Stromversorgungssystems einer 
Fernlenkwaffe entwickelt, aber die Prinzipien sind im allgemeinen fiir eine grosse Auswahl von 

Gerdaten giiltig. 


Ein programmierter Tester 


Automatische Verzerrungsregelung in Mikrowellen-FM-Breitbandfunkstrecken von J. Tolman 


Der Beitrag bespricht Verzerrungen, die in Mikrowellen-FM-Breitbandfunkstrecken durch 
Zusammenfassung des ungleichformige Gruppenverzégerungs-Kennlinien der HF Verstarker auftreten. Eine versuchsmassige 
Beitrages auf Seite 722-725 automatische Korrektur der Gruppenverzégerungs-Steilheit wird beschrieben und die fiir eine 
600-Kanal-Schaltung erzielten Resultate angegeben. Korrekturmethoden fiir Verzerrungen hdherer 

Ordnung werden angedeutet. 


Ein Gerat zur Messung der Werkzeug-Schneidkrifte von J. Goldberg 


Dieser Beitrag beschreibt ein Gerdat, das fiir die aufeinander folgenden Messungen der Schneidkraft- 
Komponenten eines Drehwerkzeuges wahrend des Arbeitsablaufes entwickelt wurde. Als Krdafte- 
fiihler werden Widerstand-Spannungsmesser mit einem Zweikraftdynamometer eingesetzt. In den 
Messschaltungen werden Ubersetzer mit induktiver Kupplung und einem Verhdltnis | : 1 benutzt, die 
Spannungsmessersysteme in geeigneter Weise speisen. Jede Kraftkomponente wird mittels einer 
getrennten Briickenschaltung gemessen, wobei die Eingangs— und Ausgangskreise der Briicken in der 
gewiinschten Folge zwischen einer einzelnen Wechselstrom-Antriebsquelle und einem gemeinsamen 

Zusommenfessung 6 Anzeiger umgeschaltet werden. Durch diese Anordnung wird der Einfluss des Kontaktwiderstandes 
ig des : Ae ar é 
Beitrages auf Seite 726-732 auf die Genauigkeit der Messschleife unbedeutend. - : ; 
8 Zur Beobachtung der Anderung der Widerstandskomponente der Briickenunsymmetrie, sowie des 
Vorzeichens der Spannung, wird eine phasenempfindliche Anzeige benutzt. 

Zur Aufzeichnung wird ein Schreiber verwandt, in dem eine eingebaute Vorrichtung die Feder hebt 
oder senkt, damit die Aufzeichnungszeit zwischen mehreren in Gebrauch befindlichen Kandlen geteilt 
werden kann. 

Fiir Krafte von 90,7 kg, 223 kg und 453,5 kg sind Vollausschlagsanzeigen vorgesehen, und das 
Gerdt kann durch statische Belastung direkt geeicht werden. Aufzeichnungen der mit dem Gerat 
gemessenen Schneidkrafte werden gezeigt. 


Breitbandanalyse einer Phasenteilerschaltung mit Réhren von L. J. Giacoletto 


Eine Phasenteilerschaltung ist das elektronische Gegenstiick zu einem symmetrischen Ausgangs- 
iibertrager und hat zwei Ausgdnge, deren Spannungen idealerweise gleicher Grésse, aber um 180° 
gegeneinander phasenverschoben sind. Diese idealen Bedingungen kénnen fiir niedrige Frequenzen 
erreicht werden. Fiir héhere Frequenzen Gndern Réhrenkapazitaten die Ausgangsbeziehungen, und 

Zusammenfassung des __— dieser Einfluss wird analysiert. Genaue sowie anndhernde Berechnungsbeziehungen werden entwickelt 
Beitrages auf Seite 733-735 und mit Messwerten typischer Schaltungen verglichen. Es ergibt sich, dass bei Verwendung geeigneter 
gleicher Belastungsimpedanzen nahezu ideale Betriebsbedingungen bis zu mdssig hohen Frequenzen 
erreicht werden kénnen. Die Verwendung von Belastungsimpedanzen, die nicht ganz gleich sind, 
und Einschaltung einer kleinen Abstimmspule in die Anodenbelastung kann die Wirkungsweise etwas 

verbessern., 
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Eine automatische Kamerasteuerung von H. R. A. Townsend 


Ein durch eine Kaltkathodenréhre gesteuertes Mehrfachkontaktrelais ist ein sehr vielseitiger 
Baustein fiir eine Programmsteuerung. Die beschriebene Kamerasteuerung enthdalt eine einfache 
Zusammenfassung des Verzégerungsschaltung, eine Synchronisierschaltung, eine ferngesteuerte Ziindschaltung, sowie einen 
Beitrages auf Seite 736-739 = auch mit Kaltkathodenréhren bestiickten bindren Zahler. Das Gerdt fiihrt die verhaltnismdssig 
schwierige Steuerfolge durch, die fiir die vollautomatische Fotografie der Elektronenstrahlspuren 

eines Oszillografen erforderlich ist. 


Die elektronische Nachbildung der Muskelbeanspruchung eines Insektes von K. E. Machin 


Wenn gewisse Muskeln von Insekten in bestimmter Weise beansprucht werden, ziehen sie sich 
rythmisch zusammen; die Oszillation hangt wesentlich von den mechahischen Parametern der 
Beanspruchung ab. In dem entwickelten Apparat werden Masse, Zahigkeit und Steifheit der Bean- 
Zusammenfassung des_ _— spruchung elektronisch nachgebildet und kénnen daher leicht gedndert werden. Fiir einen oszillie- 
Beitrages auf Seite 740-744 — renden Muskel kann die Beziehung zwischen Kraft und Lange auf einer Bildréhre dargestellt werden, 
wahrend die Oszillationsfrequenz und Leistungsabgabe auf Messgeraten angezeigt wird. Der Apparat 
kann auch zur direkten Messung der mechanischen Impedanz eines Muskels als Funktion der Frequenz 
eingesetzt werden. 


Ein einfacher Stromstabilisator fiir Elektromagnete von M. H. N. Potok 


Fiir bestimmte Versuche war ein magnetisches Feld erforderlich, das von Restwelligkeit und 
langsamer Drift frei war. Der in Frage stehende Elektromagnet benétigte ungefahr 10 A bei 100 V. 
Die verschiedenen Versorgungsmethoden werden in dem Beitrag kurz besprochen und die angenommene 
Lésung beschrieben. Als Stromquelle wird ein Amplidyne gewahlt, Transistoren reduzieren die 
Restwelligkeit, und ein Gleichstromverstarker korrigiert die langsame Drift. 


Zusammenfassung des 
Beitrages auf Seite 745-746 


HF Transistor-Filter Synthese von L. M. Vallese 


Synthesierungsmethoden fiir HF Transistor-Filter werden entwickelt, die sich auf die Transformation 
des dquivalenten Vorwarts-Netzwerkes stiitzen. Zur Vereinfachung wurde die transistoreigene 
Gegenkopplung vernachlassigt, da sie fiir Elemente mit diffundierter Basis sehr gering ist. Zwei 
kanonische Leiterstrukturen, und zwar des Zwitter-x-Types bzw. des Zwitter-T-Types, werden fiir 
die Synthese komplexer Polpaare in Betracht gezogen; sie werden unter (und in gewissen Fallen 
ohne) Zwischenschaltung von Pufferstufen in Kaskade arrangiert. Bild- und Bandfilter werden als 
Beispiel gezeigt. 


Zusammenfassung des 
Beitrages auf Seite 748-752 


Anderungen des Eingangsleitwertes eines Flachentransistors in Basisschaltung und ihre praktische Verwertung von S. Deb 
und J. K. Sen 


Der Beitrag untersucht Anderungen des Eingangsleitwertes von Flachentransistoren in Basisschaltung 
in Abhdngigkeit vom Eingangsgleichstrom. Methoden werden vorgeschlagen, die die Anderungen 
iiber einen breiten Stromwertbereich geradlinig halten und auch die thermische Drift verringern. 
Die Leistungen eines Amplitudenmodulators und eines Analogmultiplikators werden beschrieben, in 
denen ein Transistor unter diesen Bedingungen arbeitet. 


Zusammenfassung des 
Beitrages auf Seite 753-755 


Ein Ferrit-Schnellspeichersystem von C. J. Quartly 


Ein Speichersystem wird beschrieben, das Ferritkerne mit rechteckiger Hysteresesschleife benutzt 
und Geschwindigkeitsbeschrankungen iiberwindet, die dem Kernmaterial eigen sind, wenn es in den 
iiblichen Speichern mit elektronischem Koordinatenschalter verwandt wird. Jede Zahl wird als 

Zusammenfassung des Differenz des Flusses zweier Kerne gespeichert, die wahrend des Einschreibens nur teilweise geschaltet 
Beitrages auf Seite 756-758 werden. Messungen an einem Kernpaar zeigen, wie die Ausgangsleistung wahrend des Lesens sich 
in Abhdngigkeit von der Einschreibeimpulsdauer und -amplitude und der Zahlenimpulsamplitude 
dndert. Durch Anwendung dieses Prinzips mit Aussenwortabfrage kann in einem kleinen Speicher 

eine Zeit von 0,5 us fiir den Lese/Einschreibevorgang erreicht werden. 


Ausbackbare Ganzmetallhahne fiir Héchstvakuum von N. W. Robinson 
Fiir eine wachsende Anzahl von Mikrowellen- und Bildverstarkerréhren wird es notwendig, ein 
Zusammenfassung des Vakuum in der Grdéssenordnung von 10-!9 Torr zu schaffen. Das kann durch eine von Alpert 
Beitrages auf Seite 759-760 §beschriebene Methode erreicht werden, fiir die ein fettloser Isolationshahn erforderlich ist. In diesem 
Beitrag wird ein ausbackbarer Ganzmetallhahn beschrieben und seine Leistung untersucht. 
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Pull details from: 
Nahere Einzelheiten erhalten Sie von: 

Pour tous détails, s’adresser a: 

E.M.1. SALES & SERVICE LTD -: 














INSTRUMENTATION TAPE 
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MAGNETBANDER 





MAGNETIC RECORDING TAPES 


RUBANS MAGNETIQUES E.M.1. POUR L'ENREGISTREMENT 





The world-famous magnetic 
recording tape offering the 
highest technical standards 
and used by leading recording 
and broadcasting organisa- 
tions, industry and science. 
“TT” pen tested. ‘88’ general 
purpose. ‘‘99”" Long Play. 












Produced to the most exacting 
specification and available in 
various standard widths. To 
obtain the greatest freedom 
from surface contamination 
oo in these —- of 
recor wy system of 
} . ltration, down 
to a particle size of .00001 mm, 
at the E.M.I. tape plant ensures 
that all stages of manufacture 
are carried out under the 
cleanest possible conditions. 


Sprocketed magnetic record- 
ing film designed for all applica- 
tions where absolute synchro- 
nisationisrequired. Thespecial 
micro-polish finish reduces 
head wear by as much as 30%. 
16, 17-5 and 35 mm; fully coated 
only. Single or double perfora- 
tion, Supplied + oxide 
“in” or oxide ‘‘o 


HAYES - 


Dieses technisch erstklassige, 
weltberihmte Magnetband 
wird von den fiihrenden Kon- 
zernen des Rundfunks und der 
Industrie sowie von wissen- 
schaftlichen Koérperschaften 
fir ihre Aufnahmen benutzt. 
“TT” mit Feder geprift. ‘88’ 
fir alle tiblichen Anwendun- 
gen. “99” fir langspielende 
Aufzeichnung. 


Dieses Magnetband wird mit 
der héchsten Prazision in 
verschiedenen Normalbreiten 
hergestellt. Um die Oberflache 
so rein zu halten, wie es fir 
diese Anwend ebiete der 
Magnetbandaufzeichnung 
unerlasslich ist, sorgt ein elek- 
trostatisches Filtriersystem, 
das Teilchen bis zu 0,00001 mm 
erfasst, in der E.M.I. Magnet- 
bandfabrik dafir, dass alle 
Stufen der Herstellung unter 
den denkbar saubersten Ver- 
haltnissen ausgefiihrt werden. 





for cinematographic and teleciné uses 
fiir Film und Fernsehen 


Perforierte Magnetbander 
dienen fir alle Anwendungen, 
bei denen es auf vollkommene 
Synchronisierung ankommt. 
Die besondere Hochglanz-Poli- 
tur des Bandes verringert die 
Abnutzung des Tonkopfes bis 
um 30%. Die Magnetbander 
sine nur or por in 
mm, 17,5 mm d 35 mm 
Breite erhaltlich, ‘Sle werden 
sowohl einseitig wie beider- 
seitig perforiert und sind, je 
nach estell . mit der 
Oxyd- Schicht “innen’’ oder 
aussen”’ Ae, erhaltlich. 


MIDDLESEX - 


Be eo te ete Oi tae recording 


fiir Tonaufnahmen auf Magnetband 
pour l’enregistrement au magnétophone 


Ce ruban magnétique, célébre 
dans le monde entier et dont la 
qualité technique est incom- 
parable, est utilisé par les 
principales maisons d’enregis- 
trement, ainsi que par les 
stations radiophoniques et les 
installations scientifiques. 
“77” éprouvé & la plume. ‘’88” 
pour l’emploi général. ‘99" 
longue durée. 


for computers, instrumentation and telemetry 
fiir Rechenmaschinen, Apparaturen und Fernmessgeriate 
pour les computeurs, l’instrumentation et la télémetrie 


Ce ruban est produit conformé- 
ment aux données de la plus 
haute précision et existe en 
différentes largeurs standards. 
Pour réduire au minimum la 
contamination de surface— 
condition indispensable & ces 
applications de l’enregistre- 
ment sur ruban un systéme de 
filtration électro-statique all- 
ant jusqu’aux particules de 
0,00001 mm. assure aux ateliers 
de fabrication E.M.I. les — 
tions les plus favorables a la 
production des rubans. 


pour les utilisations cinématographiques et télé-cinématographiques 


Film d’enregistrement =e. 
nétique & chaine étudié 
toutes les applications n oon. 
sitant une _ synchronisation 
absolue. Le fini spécial micro- 
fet réduit jusqu’é 30% de la 
tigue de téte. 16, 17,5 et 
mm., & revétement entier 
souleiek Perforation simple 
ou double. Fourni enroulé 
oxyde ‘a l’intérieur’’ ou oxyde 
“@ l’extérieur”’. 


ENGLAND 





DECEMBER 1959 


111 





ELECTRONIC ENGINEERING 








EE 16113 for further details 


regulated - well ventilated - power supplies 





Two of model 

V300/200 mounted in 
one suitable frame 
measuring 17” x 17” x7”. 
This shows one of 

many methods of 
mounting these units 


Brandenburg recognize the importance of all models—types V and HV 


polarity reversible 
effective resistance 0-i ohm 
7 : ; stability against + or —10% mains change: 0-02% 
power supplies; and the improved design ripple less than ImV 
input 200/250 volts, 50 cycles , 

j output a.c. 100 and 200 mA models: 4x6-3V, 1I-5A. 
for rack mounting of the new Brandenburg 350 and 500 mA models: 2x63V, SA. All 
‘y’ , d id can be paralleled 

range introduces a wide centre dimensions 100 and 200 mA models: 153” x 53” x 62” high, 

one chassis. 350 and 500 mA models: one 

ventilation. Additionally, there is easier chassis, each 153” x 92”x74” high. Flanged 
open chassis, with brackets: available for 

access to all components converting all models to front panel mounting 


adequate ventilation in regulated unit 














D.C. output D.C. output r D.C. output 
Model Prices Model _ | Prices (igh current Prices 
Volts Volts |m /Amps Models | vVoits | Amps 


V200/100 | 200 V200/350 200 | 350 
V250/100 | 250 £37 10 O} V250/350 250 | 350 | £64 0 O 
V300/100 300 ex-works | \V300/350 300 | 350 | ex-works HV350/1A 
V350/100 | 350 V350/350 350 | 350 











HV250/1A | 250 


! £140 0 0 
HV300/1A a ex-works 





viene = vee 208 HV250/2A | 250 £230 0 0 
— | = HV300/2A | 300 orks 
300/200 | 300 £48 10 0] 300/500 | 300 £80 0 0 ex-wor 


350/200 | 350 ex-works | 350/500 | 350 ex-works fm MV350/2A | 350 
V400/150 400 constructed on 19% or 22” front panels and chassis 






































Brochure on request For further specifications of this Brandenburg ‘V’ range please write for brochure 


Brandenburg ur 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 
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a wide range of high voltage regulated 
power supplies 





5, 10, 20 and 30 kilovolt regulated supply 


type $0530 
output | to 10 kV at 2mA. Model A 

2 to 20 kV at | mA. Model B 
3 to 30 kV at } mA. Model C 
500V to 5 kV at 2 mA. Model D 

input 200/250 volts, 50 cycles 

polarity positive or negative grounded available 
regulation against full load: better than 0.5% 

against mains variations 
+5%, —10%. Better than 1% 
5” Ernest Turner movement 
current metering jack 
standard 19” x 103” P.O. panel 
for rack mounting or bench use 


£125 ~~ 


Models A, B and C can be supplied with 
reversible output polarity at £145 


Type $0530, model C 50 kilovolt regulated supply 
type MR5OR 


see front cover for specification 


Ya 








100 kilovolt regulated power supply 
type MRIOOR—3 models 


output current 0.5 mA. Model MRIOOR/500 
| mA. Model MRIOOR/I 
2 mA. Model MRIOOR/2 
output voltage 10 to 100 kilovolts, continuously variable 
polarity Reversible 
ripple 0.1% 
regulation No load to full load: mains variation +-10% and 
—5%. Better than 1% 
input 200/250 volts, 50 cycles 
metering Output voltage and current metered by 5” 
Ernest Turner, Model 605 
dimensions Overall: H 4’ 6”, W: 2’ 0’, D: 2’ 3” 
weight 268 Ibs. (12! Kgs.) 
price MRIOOR/500 = £525 0 
MRIOOR/I = £630 0 
MRIOOR/2 = £695 0 
MOBILE BASE £18 0 
Type MRIOOR on trolley all ex-works 


d chassis 
—— ES 





Brochure on request For further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure 


Brandenburg «rv 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 
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newcomer 
with 


Special Quality Beam Tetrode 


The S11E12 is the latest addition to the range of Ediswan valves 
designed specifically for use in series or shunt control circuits. 


EDISWAN 
S11E12 


























The S11E12 has an international octal base and the important 
parameters are as follows: 


Heater Voltage (volts) Vi 6.3 
Heater Current (amps) Ih 1.6 
Anode Voltage, maximum (volts) V, (max) 800 
Screen Voltage, maximum (volts) V,2 (max) 300 
Mutual Conductance (mA/V) 2m 13.5 
Anode Dissipation (watts) P, (max) 28 
Cathode Current (mA) I, (max) 300 
E D I SWAN The new valve is specially designed to resist shock and is quality 
INDUSTRIAL VALVES tested at all stages of manufacture to ensure maximum relia- 
AND CATHODE RAY TUBES bility and life expectancy. 


SIEMENS EDISON SWAN LTD 


An A.E.I. Company. 155 Charing Cross Road, London, W.C.2 P 
Telephone: GERrard 8660 range will be gladly sent on request. 


Further information on this and other valves in the CV 4000 





for put 


» 
oD 





crc 16/9 
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for publication No. 582 to 


3X PLASTICS 


was chosen.as the ideal material for these intricate 
mouldings— the T.V. screen surround and mask 
in this R.G.D. Television set. 


For surface Finish 
a high finish which enhances the prestige look of the set. 


For Impact Strength and 

Dimensional Stability 

a frame that won’t distort and which gives a high degree 
of protection for the delicate interior. 


For good Mouldability 

BC 15is an excellent material for injection moulding and 
sheet extrusion. Because of its toughness, mouldings can 
be ejected without fracture from really intricate dies. 
Screen surround and mask for television set moulded 

in two interlocking sections by Halex for 

R.G.D. (Radio Gramophone Development Co. Ltd.) 


Bextrene BC 15is available in a wide range of attractive colours. 





L : D A subsidiary of The British Xylonite Co. Ltd. 
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e 
9 Simet “AS” type Silicon Rectifiers 


S&S HE and this isn't all. 
Simet “AS” type Silicon Rectifiers cost 


less than Selegium and valve types for a 
great man ations, operate at higher 
$ than both Selenium or 
Germanium (up to 150°C), do not age, 

and show savings in weight, bulk 

and total cost. 

The range is extended to 800 P.I.V. 
Engineers and Designers who would like 
to know more are invited to write for 
complete data...and... deliveries, 

' remember, are immediate. 










THE PLESSEY COMPANY LIMITED 

Chemical & Metallurgical Division 

WOODBURCOTE WAY, TOWCESTER, NORTHANTS 
Telephone: TOWCESTER 312-6 Telegrams: Plessey, Telex, Towcester 
Overseas Sales Organisation 

PLESSEY INTERNATIONAL LTD 

ILFORD, ESSEX, ENGLAND 

Telephone: ILFORD 3040 Overseas Telegrams: Plessinter, Telex, Ilford 
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SIEMENS 







Afifs2-10° 


Faster and More Accurate 
Measurements 


















using 
Carrier-Frequency Level Measuring Equipment 3D 335/W518 
10 kc/s to 15 Mc/s —100 dBm to + 30 dBm 


for co-axial and broad-band radio link systems. 
— multi-channel telephone and television programme exchange — 


* 


Crystal-controlled electronic frequency lock-in system 
gives frequency accuracy of S 2x 10° on oscillator and detector 


a 


Coarse and fine frequency control of level meter automatically 
tuned from the level oscillator 


+ 


Provision for electronic sweeping 
* Noise-level measurements 


Level Oscillator 3 W518 Selective Level Meter 3 D 335 

Frequency range onone scale .. . .10kc/s to 15 Mc/s Tuning continuously variable or in locked-in 
continuously variable or in locked-in 100 kc’s steps steps, internally or externally . . 10 kc/s to 16.8 Mc/s 
Additional fine control. ...... . . . Oto 100 kc/s Additional fine tuning, internally or 


Sending level continuously variable —60 dBm to + 10dBm externally. 2 2 2 6 ee ee ee es 0 to 100 kc/s 
Measuring range. ..... —100 dBm to + 30 dBm 


Pass-band, switchable . = channel width or +100 c/s 


Test Gear combinations also available 
for other measurements and frequency ranges 





SIEMENS & HALSKE AKTIENGESELLSCHAFT 
MUNCHEN~+ BERLIN 


“ Authorised U.K. Agents 

: R. H. COLE (OVERSEAS) LTD. 

3 2, Caxton Street, Westminster, London, S.W.1 - Telephone: ABBey 3061 - Telex: 23864 
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TYPE 214 


are monitored to 1% accuracy. 





SPECIFICATION 


POS. OUTPUT NEG. OUTPUT (Fixed) NEG. OUTPUT (Variable) 
VOLTAGE 0 to 500 V. 250 V. 0 to 250 V. 
CURRENT 0 to 250 mA 0 to 100 mA. Oto I mA. 
STABILISATION 15 mV. 1S mV. 15 mV. 
RIPPLE 500 nV. 500 nV 


I mv. 
A.C. OUTPUTS Two outputs at 6.3 V., 5A. 
MAINS SUPPLY 200 to 250 V., 50 c/s in 10 V. steps 


Please write for further specifications 


TRANSISTOR POWER SUPPLY TYPE 2TV/301 


Specification Per Unit 


OUTPUT VOLTAGE +0 to 30 V. OUTPUT CURRENT 0 to | ampere 
OUTPUT RESISTANCE 0.01 ohm STABILISATION 1500 : | 
RIPPLE I mV. p top MAINS INPUT 200 to 250 V. A.C. 50 c/s 


Please write for further specifications 


Two completely independent stabilising units— 
each monitored separately—are incorporated in 
the POWER SUPPLY TYPE 2TV/30!. The units 
feature semi-conductors for control purposes 
and have a very low output impedance allow- 
ing maximum loading with negligible change in 
output voltage. Cut-outs and fuses are provided 
for protection against accidental overload. Typi- 
cal applications are D.C. heater supplies, accumu- 
lator replacement, transistor development and 
electroplating research. 


For full information and descriptive literature on other 
LABORATORY TESTING EQUIPMENT 


call, write or phone. 


KASAMA ELECTRONICS LTD. 


ILEX WORKS, 10 NORTHWOLD ROAD, LONDON, N.16 
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STABILISED POWER SUPPLY 


Efficient, unfailing accuracy in all testing 
operations is guaranteed with the STABI- 
LISED POWER SUPPLY TYPE 214. Now 
widely used in experimental and produc- 
tion applications, this heavy-duty unit 
provides an exceptionally stabilised output 
which can be varied continuously from 0 
to 500 V.—in two ranges at currents up 
to 250 mA. There is also an unstabilised 
output at 430 or 630 V., D.C., as well as 
two A.C. outputs. Voltages and currents 






Precision Workmanship in 


STABILISED POWER SUPPLY UNITS 
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WHAT 
HAS 
THE 
7182 
; BAND MAGNETRON 
COMMON 
WITH 
THIS 
CAT? 


ing 
\BI- 
low 
luc- 
snit 


put 








A good question! According to legend, a cat has nine lives — 
something that has yet to be proved. The 7182, on the other 
hand, has a proved life 8 to 10 times greater than any similar 
S-Band Magnetron. 


The 7182 retains its remarkable stability and reliability during 
a life of 10,000 hours, and is one of a series of Magnetrons now 
in production providing peak powers of SMW. These Magnetrons 
operate at voltages and current densities usually associated 
with Magnetrons rated at a fraction of the power output. 


A parallel development in L-Band ensures that attainments 
in this field equal the phenomenal successes already achieved 
with S-Band Magnetrons. 


“ENGLISH ELECTRIC 


Agents throughout the world 





Valve engineers required, apply personnel officer. 


AT EAM AT IM Ef, ) CHELMSFORD. ENGLAND 








Telephone : Chelmsford 3491 











) API134 . 
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Series 314 Relay 
complies with RCS 166 


Series 317 
Miniature Relay 





Series 590/596 
Impulse Relay 


NEWMARKET SUFFOLK ENGLAND Tel: Newmarket 3181 (5 lines) Grams: Magnetic Newmarket 


ELECTRONIC ENGINEERING 















We are relay specialists. Our range 
covers practically every relay application. 
Careful thought, skilfully applied 

to every aspect of design, construction 
and application has produced a range 
of relays that meet the most stringent 
demands—relays in which the systems 
engineer can have complete confidence. 


Prototypes | 
if you require a prototype, it will 
receive priority, so that you can proceed 

with your design without delay. 











AID & ARB APPROVED | 
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. 
BERCO-BPT_ 


~ Voltage Regulator 

to meet YOU. « 
hieguircmenia 

Quick delivery of 28 Standard models 


Fast design for special applications 


BERCO is available to help you with 


any Voltage or Current Contre! problem 


THE BRITISH ELECTRIC RESISTANCE CO. LTD. . 


IN ASSOCIATION WITH 


THE BRITISH POWER TRANSFORMER CO. LTD. 


QUEENSWAY - ENFIELD - MIDDLESEX 
Telephone HOWard 2411 
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‘Khe E"erranti 
=> DIGIT V OLIT WEI =E: Fe, 


“ype Diot 


The need for instruments capable of measuring 
voltages with a high degree of accuracy and with a fast 
reading time has long been apparent. The Ferranti 3 digit 
voltmeter has been developed to meet this requirement. 
The advantages of this precision instrument will undoubt- 
edly prove attractive to those engaged in the fields of 
automatic testing and monitoring, analogue to digital 
conversion, calibration of moving pointer instruments and 


many similar applications. 






Special Features 





Automatic Ranging and Polarity 
High Accuracy and Resolution 
Fast Reading Time 

Complete Reliability 


ERRANTI 


TN 


72 * 
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SPECIFICATION 


Display Three digit plus automatic polarity indication 
and automatic decimal placement. 
D.C. Volts in 3 ranges 
Automatic 0.01 — 9.99 V 
Ranges 10.0 — 99.9 V 
100V — 999 V 
Accuracy 0.1% of full scale reading on any range. 


Average Reading Time 0.7 seconds. 


Input Impedance at Balance 10 Megohms. 


Input 110 — 250V A.C.50—60 c/s 50W. 
Weight 50 Ibs. approximately. 
Style Bench cabinet 17” x 13” x 10}” high with 


optional brackets for standard rack mounting. 


In view of continuing development, the right is reserved to alter 
the specification or design of this instrument. 











FERRY ROAD 


EDINBURGH 5 


Telephone: DEAn 1211 
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ALDRIDGE 





The two plastic mouldings on the left are 
Aldridge’s contribution to the new attractively 
styled Satchwell TL room thermostat made by 
Rheostatic Company Limited. This new instru- 
ment has the following advantages: 


mw Better looking 





mw Small size 

mw Cheaper to produce 

mw Practically unbreakable 

The cover is a high impact polystyrene injection 
moulding, which is tough and flexible. A high 
dielectric phenolic type of plastics was chosen for 
the base to provide a rigid, high insulation sup- 
port for the parts of the actual thermostat. The 
successful production of such a highly complex 
shape is a fine example of what Aldridge can 
accomplish by advanced transfer moulding 
techniques. 

Aldridge do a better job in plastics because 
they neverstop thinking plastics, dreaming plastics 
and improving their techniques for manufactur- 
ing intricate, accurate shapes in plastics. Give 
them a product in another material—or even one 
already made in plastics—and it’s pretty certain 
that they’ll be able to give you a still better job in 
plastics. Let them see it in the design stage and 
they'll show you how it can be simpler, cheaper 
and better in plastics. 


B- You are invited to get in touch with 


ALDRIDGE PLASTICS LTD 


> ecm 
An A.E.I, Company 
5 Redhouse Industrial Estate, Aldridge, Staffordshire 
H Tel: Aldridge 52031 (3 lines) re. 
Sales Office: 38/39 Upper Thames St., London. E.C.4 
Tel: CENtral 2332 
ES/T64 CRC A2 
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Illustrated is the HM.10. Helical 
Membrane Cable, which has a 
power handling capacity of 20okW 
at 100 Mc/s. 


Many well known companies in the field of electronics 
have turned to Telcon for advice on the all important 
applications of Cables for Telecommunications. 

The knowledge and experience of Telcon staff — 
scientists, research engineers, chemists, cable designers 
and technicians, which has been gained in all parts of 
the world, is always at the service of cable users and 
equipment designers. 

The Telcon Contracts Department is organised to 
supervise or undertake the installation of any of the 
more highly specialised types of cable manufactured. 
Its services are particularly valuable in cases where 
unfamiliar techniques are involved. 





Cables specially designed for Telecommunications 


Coaxial and balanced pair cables for telephonic com- 
munications are in standard production, as well as very 
low loss Helical Membrane Cables, for Multi-channel 
Radio links and Television Transmitting Feeders, etc. 

You are welcome to full details and specifications 
of any of these types. When writing please quote 
reference EE. 


TELCON CABLES 


AND MAINTENANCE CoO. LTD. 





Enquiries to:— Sales Dept., Telcon Works, 
Greenwich, London, S.E.10. Telephone: Greenwich 3291 
Branches at: Cardiff, Dudley, Manchester, Newcastle, Nottingham. 


An Audio Frequency Cable for local distribution 
purposes. These types can be installed under- 
ground, overhead or underwater, as required. 
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| Plessey | 
| M. P. 


1s Miniature Preset 


Potentiometers 


General specification 


Standard resistance values 
1 KQ—2-2 MQ. (in preferred values) 















eo. & 


: aS y. > 
REET CREAN TEE LE +20% Actual size 
Law. Linear 


Rating (total track) 
(subject to max. voltage not being exceeded ) 


4 watt at 55°C 


\ Maximum voltage 500 V 


Terminal resistance 50Q. max. 


Total rotation........... 290° min. 





Max. resistance change 
due to loading, humidity, €t0..........---0.-------0-- 10% 


* The Plessey Miniature Preset Potentiometers are rugged controls with moulded 
The enechirat: » . ‘ ‘ - .. A 
The specification of the Red Spot - 's aS carbon tracks—and they are, in fact, the smallest available today. 
above except in the following three particulars : nai : is ; : 5 iv” 
Eminently suitable for all applications where space is at a premium, these 
Rating (total track) : } watt at 70°C ; ; 

sturdy components are easily mounted on insulated panels and can be 





Max. voltage : 750 V. oe . 6 Lees . Bs ce. 
: arranged in groups of four or more as required for television preset panels. 
erminal resistance : 10 Q max. I'wo forms are at present available: one, having a minimum of height from 
The critical selection of all the materials used the mounting panel, is designed for screwdriver adjustment by engineers or 
in construction together with scrupulous process : . . : . . 
htaei Sepupulous process servicemen while the second has a knob for finger or screwdriver operation 
control results in a robust and highly welcome , , ’ ‘ . . 
additi : ae : by the listener or viewer. Securing is by means of a 6BA nut. 
addition to the wide range of high quality com- . : ; , : . 
ponents made available to engineers by Plessey. For more stringent applications in the field of electronic instruments, a 
further development of this fine component is now available and is known 


For full details send now for leaflet 171. as the Red Spot es 





: Tv ~ soon uu rer Tr 
| THE PLESSEY COMPANY LIMITED 


Overseas Sales Organisation Ple q sey CAPACITORS AND RESISTORS DIVISION 


Plessey International Limited . Hford . Essex. Tel Ilford 3040 KEMBREY STREET - SWINDON «- TEL. SWINDON 6211 
| F on2 
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500 SERIES- 


EGULATED POWER SUPPLIES 





FOR STAR PERFORMANCE AND SUPERB 
STABILITY ON WHICH TO BASE 
YOUR EQUIPMENT 















Rs: 
a 


FULL TECHNICAL DATA SENT UPON REQUEST 


FEATURES 


* Price range from £70. * Stability up to + .002%. %& Thirteen models to choose from suitable for 
rack or bench mounting and complete with protective covers. & Voltage to 500 v and current to 500 mA. 
® Fine voltage control permits accurate setting. 

If these units do not meet your requirements, designs are readily available for voltages to 20 KV or currents to 75 amps. 


Also the makers of the well-known ‘Lektrokit’ the versatile chassis construction system. 


ELECTRONIC CHERTSEY ROAD 
INDUSTRIES tio | 


<- € Taae 


LIMITED 
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Components of 16 amp switch with up to 18 latching positions 


STANDARDIZED 


TO THE th 








Style C-Switches are standardized to an extent never previously 
achieved in switch design. Perfection of moulding permits each 
switch to be built up from a series of prefabricated sub- 
assemblies. By using appropriate operating cams, any practical 
contact arrangement can be provided by standard units, so that 
prices are kept low. Each contact unit carries two double- 
break silver alloy contacts, and any number up to twelve stages 
can form a single column ; additional stages to be operated by 
the same control are arranged as extra columns, and are 
operated in tandem. Switches of different carrying capacities 
may be coupled if required. Escutcheon plates and control 
handles are common to the whole range. These switches are 
available in five ratings, from 16 to 200 amp at 600 volts a.c. 





Pair of interlocked switches, 
with auxiliary contacts 
actuated by handle pull. 





DN REQUEST 


Foreign 


le for 
) mA. 





-switches 


style 


% Full particulars from the Distributors for the United Kingdom and Eire 


CHILTON ELECTRIC PRODUCTS LIMITED 
HUNGERFORD, BERKS. Telephone: Hungerford 237/238 
London Office: 19 Old Queen Street, S.W.1 Telephone: TRAfalgar 2239 


APT7 
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YOU CAN GET THIS 


FROM THIS 








MINIATURE A.C. CHOPPER 


FEATURES INCLUDE | or 2 change overs— make before break or break before make, as 
required. 
Screened leads and designed space relationships between components 
reducing noise level to the minimum. 
High stability and long life (in typical AC/DC amplifier applications, 
runs in excess of 1,000 hours are considered normal between 
contact trims). 
From 10 to 100 c.p.s. working available. 
Driving power — I0 to 50 m/v Amp. according to frequency. 


Write now for further details to : 


BaP @rete(@) Ne ELECTROMECHANICAL DIVISION 


BEESTON, NOTTINGHAM ENGLAND - TEL: BEESTON 254831 


HEAD OFFICE : 22 LINCOLN’S INN FIELDS - LONDON, W.C.2 - TEL : HOLborn 6936 
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For Electronics, Radio 
& Telecommunication 
Fields...... 

sane 7 0% Coma ee 
| CUPRO-NICKE L nea aeiaaneed 


SHEET Maximum width 24°. Minimum thickness 0-006". 


STRIP Maximum width 18". Minimum width 4” 
Minimum thickness 0-005”. 








WIRE Maximum diameter 4°. Minimum diameter 0-0025”. 


Spe c i a ! i ti es High finish Nickel-Silver Telephone 


Strip and Sheet conforming to BSS 1824, or to your own specifications for 
the manufacture of Spring contacts, Relay blades, etc. 


We also specialise in producing Copper-Nickel Alloys (Cupro Nickel) with 
special resistance properties in the form of Sheet, Strip and Wire. 


Established 1845 


JONES & ROOKE (1948)LTD. NORTHWOOD STREET ROLLING MILLS, BIRMINGHAM 3. 
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Hermetic Sealing 


STEATITE & PORCELAIN 
NICKEL METALLISING 

Quality Approved (Joint Service R.C.S.C.) 

WILL MEET THE MOST EXACTING REQUIREMENTS MET ALLISED 


BUSHES 


Perfect Terminations 


—miade readily without special precautions by 
semi-skilled labour, employing simple hand 
soldering methods, R.F. Heating, 
Hot Plate, Tunnel Oven or similar 







mass production methods 





STANDARD RANGE 


Shouldered, Tubular, Conical, Disc 
and multi seals are included, assembled 
with stems if preferred. 

SEND FOR CATALOGUE No. 47 


TECHNICAL SERVICE 


Always available, do not hesitate to 
consult us. Samples for test will be 
supplied on request. 


STEATITE & PORCELAIN PRODUCTS LTD. 


STOURPORT ON SEVERN, WORCS. _ Telephone: Stourport 2271. Telegrams: Steatain, Stourport 





SP 100 
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ENQUIRIES FOR 
SPECIAL TYPES 
WELCOME 


TD. | 


tourport , 
SProo ) 
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All this to warm your feet 


With electricity not invented yet, and only gas and hot water to play 
with, how do you warm a bed? People a generation or two back were 
continuously faced with such problems, and they often used considerable 
ingenuity in getting round their difficulties. 


Today, when the problems are so much more complicated, the solution 
is often much simpler — get in touch with Varley’s. If your preblem is 
pushing, pulling, punching, prodding, at a distance or automatically, 
the answer, proved many times in many fields, is a Varley Solenoid. 


D 
EWYAY SOLENOIDS 


RECD. TRADE MARK 





Type ‘ V° (mustrated) 

This is the smallest of the Varley range of 
laminated solenoids. It features a vacuum- 
impregnated coi] and all ferrous parts are plated 
and passivated. The captive plunger has a con- 
trolled stroke of §”. 


For full details of Varley Solenoids, write for Illustrated Catalogue S.1 


OLIVER PELL CONTROL LTD. 

















CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, S.E.18 WOOLWICH 1422 (5 lines) 


Telegrams: Olipel, London S.E.18 






TA 2668 
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precision products... 
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Da ope Regn me - manatee sINcLE We 
<< CONTACT CONNECTOR #4 


An even smaller single connector, this Harwin 
component can have either panel mounted or 
“free” plug or socket without any extras or 
modifications. 

Gold plating and a phosphor-bronze socket en- 
sures low contact resistance and long life. 

Despite a size enabling mounting at only ~%” 
centres, an excellent performance is obtained 
from this outstanding part. 


Te 


for quality components 


CLARVWVIN ENGINEERS LTD 


RODNEY ROAD PORTSMOUTH HAMPSHIRE Telephone PORTSMOUTH 35555 
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‘ZENTH 
““VARIACS” 


This portable model represents an ideal form of “VARIAC” for 
laboratory and school use, where a variable A.C. source is required. It is 
available in ratings up to 860 vA 
and can be fitted with a volt- 

meter for accurate settings; 
alternative outlets are available 
as terminals or socket. Similar 
metal-clad types up to three-gang 
can be offered with conduit 





entry for more permanent 


. ° e 
ee ees Caen installations. 





THE ZENITH ELECTRIC COMPANY LTD. 
ZENITH WORKS, VILLIERS ROAD, WILLESDEN GREEN, LONDON, N.W.2 
Telephone: WIllesden 6581-5 Telegrams: Voltaohm, Norphone, London 


MANUFACTURERS OF ELECTRICAL EQUIPMENT INCLUDING RADIO AND TELEVISION COMPONENTS 

















nae r = 7 
dabewinns DBravingiIons 
H R nN iN S F e) R M E R S Wholesale Watchmakers and Jewellers 


10 YORK WAY 


snes __<&tag, KINGS CROSS 


| LONDON, N.|!. 


ye 





Specialised Engraving 
Service 


We have a well organised and highly efficient works 
We can undertake all types of Engraving 
Quick delivery guaranteed 





IF YOU HAVE ANY DIFFICULTY 
WE CAN HELP YOU 


EQUIPMENT @: <= icators, Instrument 


D.C. : Prototypes, Machine Dividing, Dials and Scales, 
) Calculators, Indicators, Instrument Panels, Name- 





FROM PLASTICS TO STAINLESS STEEL WE CAN 
SOLVE YOUR ENGRAVING PROBLEMS AND 
’ HELP YOU CATCH UP ON TIME! 


She best? you COM buy | 


AUTOMAT - MOORSIDE RD - SWINTON - MANCHESTER. Phone: TERMINUS 3131 

















TEL SWINTON 4242-3 
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Every Second Family Will Have Television 


About 56 million television sets were available in the world in 1957... 
Already in 1958 for each hundred inhabitants in England 17.4 sets 
were counted. In Belgium this figure amounted to 3.8 and in France 
to 2.5. The further growth shows a rapid rate of increase. It is 
predicted that within 10 years time about 50%, of all families in Europe 
will be in possession of a television set. 

Today that may sound like a daring prognosis—but tomorrow? 


AC”’ for 
ed. It is 





PONENTS 
SI 








= | 


Electron Valves - 
A Worlds Wonder Has Become Actuality 


Since the scientist K. F. Braun developed the cathode-ray valve 61 
years have passed. That denotes six decades of technical progress 
since then and tremendous achievement in the field of electronic 
engineering ... 

The demand for electronic valves for television purposes has rapidly 
increased. Commercial activity with this important component grew 























works to significant proportions in the world market. 
EFFICIENT- Valve manufacturers of the German Democratic Republic are in a 
position to supply top-quality receiver valves, miniature valves, long 
D EPEND ABLE life valves and others. 
OHRENWERKE 
Scales, Agency for England: Messrs. Winter Trading Co. Ltd., 6, Harrow Road, London, W.2 
Name- 
Z Please, forward your 294 page catalogue ‘‘Receiver Valves’’ free of charge. English 
French, German Edition*. * Please, delete what does not apply. 
E CAN O 
AND RFT ROHRENWERKE, ABT. E Qa. Name , Firm - 
BERLIN-OBERSCHONEWEIDE, OSTENDSTR. 1/5 = 
GERMAN DEMOCRATIC REPUBLIC Address 5 Country ; a 
O Remarks 
irther details U 
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Power supply \ = 
Unit 








SPECIFICATION 


This ‘‘power pack’’ provides highly stabilized d.c. output voltages 
within the range 0 to 500V (load 250 mA mf&x.), a fixed negative 
supply of —250V (load 30 mA max.) and a variable negative supply 

of 0-250V (load | mA max.). Two separate a.c. supplies of 6.3V | 
5A nominal are included. These output supplies are ‘‘floating’’ with 
respect to Earth but an EARTH terminal is provided for earthing | 
any point required. Designed for standard 19” rack mounting, but 
may be used on the bench. 


he 
scienrinc() (AinstRUMENTS 


Please write for our leaflets on this instrument and our latest 

electronic instruments, low frequency oscillators, nanoammeters 

and d.c. microvoltmeters, etc. 

W. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE 
ENGLAND 


Positive Supply 


@ Stabilization (410% 

power supply change) +0.1% +0.5% 
Less than 0.75 ohms _ 1 ohm (on fixed range) 
25,000 ohms maximum 
range). 


@ Output Resistance 


| 

| 

| 

Negative Supply 
(on variable | 
| 


@ Ripple ae .. Lessthan3mVr.m.s. Less than 1.5 mVr.m.s. 
Less than 1 ohm 


@ Output Impedance Less than 0.75 ohm 
up to 1.5 ke/s. 


up to 50 kc/s. 


@ Input Voltage Ranges 110, 200, 220, 240 volts 40-60 c/s. | 


@ Alternating Voltage 
Supplies . . Two supplies are provided of 6.3V +5% at 0-SA 
These supplies may be connected in series or 
parallel giving: 
(i) 6.3V nominal at 0-10 A (Parallel) 
(ii) 12.6 V nominal at 0-5 A (Series). 














Tel: Cambridge 54411 (5 lines) Grams: Pye, Cambridge. 





PORTABLE 400cps 


te 


by WALTER JONES 


Input either direct current or 3 phase a.c. 50 cps. Output 400 cps single or 
three phase in ratings of 100 to 2.5 KW., manual or automatic voltage 
regulation, with mounting and instrumentation to suit customers 
requirements. 








Servo Motors: 

Frequency changers: 

Rotary Transformers: 

Tape recorder motors: 

High-speed motors: 

Synchronous motecrs: 

Single and polyphase induction 

motors: 

Geared motors and gear units: 

Power and audible frequency 

alternators: 

Motor-driven geared interrupters 

for the sending of complex 
repeating pulse trains: 


Converters and Invertors: 
Permanent-magnet and Electro- 
magnet d.c. motors, d.c. generators 
and alternators: 

Fan blower motors: 

Hand generators: 

Tachometer generators: 

Speed governors and accurate 
governor-controlled machines: 
Speed and frequency error 
correctors: 

Special research and laboratory 
equipment. 








| NEWLANDS PARK, SYDENHAM, LONDON, S.E.26. 


WALTER 


& CO (engineers) LTD 


Telephone No. SYDenham 6264-5-5 


JONES 
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Shock Tests up to 10006 







The reliability of the Brimar 
‘T’ range of valves has been 
‘puilt in’ as the result of a 


oly continuous process of 


rigorous examination and 


range) testing. One of these tests 
ximum 

le | . . 
a is illustrated. Valves are 
/r.m.8. 


. placed inamachinespecially 


designed to simulate the 


effect of gun shock and 


at0-SA | 


ries or rocket boosts where any 


structural fault will mean a 











defective valve. The inform- 
ation derived from this and 
other tests on valves for 


special applications is used 





to improve manufacturing 


techniques on commercial 





types. Which makes Brimar 
the obvious choice when 


the demand is for a reliable 


ES 


s single or 
tic voltage 
customers 


valve. 


ies 
Electro- 
. generators 


better make it 


curate 
chines: 
ror 






RIMA 


oratory 





Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 


COMPONENTS 
GROUP 









AT 
a 

:$ 

me 
 __—— 





VALVE DIVISION: FOOTSCRAY - SIDCUP - KENT - FOOTSCRAY 3333 
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Supplied with standard coverings of cotton, 
silk, rayon, enamel, LEWMEX (synthetic 


enamel), glass and asbestos. 


Insulated resistance wires 





for resistors in instruments, radio, 
television, electronic and control 
apparatus and many other 
applications. 


%* Available over a range of sizes in 
VACROM (nickel-chrome) 80/20 or 15% 
and EUREKA (cupro-nickel). All con- 
form to BSS 115/1954. 


A technical information and advisory service is 
offered. 





LEYTON 


LONDON 








Our standard 
range consists 
of seven basic 
stems and six 
interchangeable 
collar 
assemblies 
which, with 
colour coding, 
gives a total 

of 156 
combinations. 
With other 

2 BA terminals 
and a range of 
sizes covering 
ratings up to 
100 amp., 

the total manufactured 
runs into many 
millions. 


15 amp. 2BA 
TERMINALS 


“BELLING & LEE LTD: 


ENGLAND | 


Telegrams : Radiobel, Enfield 


9REAT CAMBRIDGE ROAD. ENFIELD, MIDDX 





Telephone: Enfield 3322 
EE 16 143 for further details 
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P.0. Type 3000 


The most versatile relay 
available today. 


Coils up to 120,0000 
Spring Set Insulation up to 
5KV 


Alse 
Type 600 
Polarised 

A.C. Relays 
High Speed 
Uniselectors 
Key Switches 
Latching Relays 
Magnetic Counters 
Miniature Sealed Relays 


Are you aware of the variety 
of contact build-ups we can 
assemble? Your problem may 
not be as bad as it seems if you 
take advantage of our wide 
experience in the _ unlimited 
uses of this adaptable product. 


@ Quotation by return 
@ Prototypes within 48 hours 
@ Good delivery guaranteed 


Consult the 
Soecalists / 


feck Daves. (Rela Yy4 )Ltd 


‘) TUDOR PLACE, LONDON, wW.t 
LANGHAM 462! 


(DEPT.'£ 


TELEPHONES: MUSEUM 7960 
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IN PARIS 
FROM 
FEBRUARY 
19th TO 23rd 


1960 
rd 


international 
exhibition 

of electronic 
components 


the greatest 





world gathering 
in the field 


of electronics 


Recognized Travel Agency 


Cook’s International Sleeping-Car Agency 


FEDERATION NATIONALE 
DES INDUSTRIES ELECTRONIQUES 
FRANCAISES 








(F. N. I. E.) 23, rue de Liibeck, PARIS 16¢ 
Tél. - PAS 01-16 
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KHO=exceptional stability and 
proved reliability in 


PRECISION 


Wire Wound 


RESISTORS 


THE STANDARD RANGE — 0:10 to 4M Q. 
Stability - better than 002%. 
Temperature coefficients guaranteed. 
Ratings — 4W, 4W, 4W, 1W and 2W. 
Tolerances (set at 20°C.) +0-:05%, +0-1%, 
+0-25%, +0:5% and +1% or +001 Q- 
whichever is greater. Matched pairs 
and groups to greater accuracy. 


TYPES made to 
American equivalents, 
for printed circuits - 
tolerances, stability, values, 
coefficients, etc. 


SPECIAL order, ii.e., 


Miniatures, types 
also, other 
temperature 


DELIVERY — Prompt and reliable 


LAWRENGE ELECTRONICS 


53, Hornsey Road, London, N.7. 
Telephone: NORTH 3445. 
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SOLDERING EQUIPMENT 
by 


AIDCOLA, 


(Regd. Trade Mark) 


Radio, T.V., Deaf Aid, etc. 
Write for Catalogues 


Manufacturers 


ELECTRONIC ENGINEERING 








(IIlustrated) 
4,” DETACHABLE 
BIT MODEL 
(List No. 64) 

& 


PROTECTIVE 
SHIELD 
(List No. 68) 


Supplied for all Voltages. Designed for Factory Bench Line Assembly 


ADCOLA PRODUCTS LTD., 
GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACaulay 3101 & 4272 Telegrams: Soljoint, London 
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PUSH BUTTON STRIPS 


Available in units from 2 to 10 way, these Button Strips 
can be fitted with various contacts with Make, Break or 
Changeover action. All types of locking combinations are 
provided, including protection against simultaneous de- 
pressing of two buttons. Manual or magnetic release as 
required. Black or Translucent White internally 
illuminated button tops, engraved if required. 


Write for descriptive leafizt: 


AUTOPHONE LIMITED 


539/547, Wandsworth Road, London, S.W.8 


MACAULAY 2381/2 











micre 


Precision miniature com 


Cristal Microphones 
Miniature Volume Controls ‘ar 
Small Transformers and Toroida formers 
Plug Sockets for miniature tubes and transistors 
Write for catalogue and information 
MICRO-ELECTRIC LTD. — Zurich 52 — Switzerland 
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A.C. SOLEN OID TYPE SCM. 


Continuous 3 ozs. at } 
Instantaneous to 2 Ibs. 
Larger sizes available. 


Also-Transformers to 7kVA 
3 phase 


Current Transformers 
100/5 to 2000/5 
All classes 

















9/10ths full size 


R. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL. PHONE : 67-4065 
PEP O NR Ne RSE A OE NENA E NESE ELS STILE A 
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Vi0/1S, Vi0/isc 
Vi0/28, V10/28¢ 
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Voltage ratings 10, 15, 20V. 

Switching Rise times down to .1ps (V10/1S), 
.2ys (V10/2S 

Max. dissipation 125mW ; Peak current soomA. 
Rectangular or 

K1007/A1/D2 standard cylindrical style can 





Pp R.F. 


V6/2R, V6/2RC 
V6/4R, V6/4RC 
V6/8R, V6/8RC 


Voltage ratings 6, 10, 15, 20, 25V. 

Typ. frequency cut-offs 3, 5.5, 10 Mc/s 
Max. dissipation 125mW ; 

Rectangular or 

K1007/A1/D2 standard cylindrical style can 





V10/15A, Vi0/15AC 


Voltage ratings 10, 15, 30V. 
Typ. betas 20, 40, 75 














ALF. V10/30A, V10/30AC Max. dissipation 200mW ; 
V10/50A, V10/50AC Rectangular or 
K1007/A1/D2 standard cylindrical style can 
1.P. V15/201P Voltage ratings 15, 30, 60V. 
(intermediate V30/201P Typ. beta 40 
Power) v60/201P Max. dissipation 2W; Max. current 2Amp. 
) Lang ratings 15, 30V. 
N.P V15/15NP | V30/15NP Aap mer di ag 
stole Max. dissipation 15W ; Max. current 6Amp. 
(Noodle Power) V15/30NP | V30/30NP Standard Diamond (JEDEC E2—42) Base 
Cold welded case 
V15/10P, V30/10P, V60/10P Voltage ratings 15, 30, 60V. 
V15/20P, V30/20P, V60/20P Typ. betas 18, 24, 40 
(Power) V15/30P, V30/30P, V60/30P Max. dissipation 10W ; Max. current 3Amp, 
VHF Voltage rating 15V. 
V15/20R Typ. frequency cut-off 30 Mc/s. 
Drift Max. dissipation 75mW, Max. current 12mA, 








JEDEC T O-5—welded case. 


If you have not received a copy of our booklet “‘Semi-conductor Device Data”, ask us to send you one. 


Newmarket Transistors Ltd 
Exning Road, Newmarket, Suffolk Telephone: Newmarket 3381/4 Cables: Semicon Newmarket 
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FULLY A.I.D. AND A.R.B. 


APPROVED 





Springs 
Precision Tools 
and 


Pressings 


IN ALL METALS TO THE FINEST LIMITS 
FOR THE ELECTRONIC, AIRCRAFT AND 
OTHER PRODUCTIVE INDUSTRIES. 


Electro Erosion for General Tool 
Making for the Trade. 


Springs and wire shapes in all metals. 
Helical tension compression and tor- 
sion springs from 40 S.W.G. to 3/16 dia. 
wire. Fuse Clips. Transistor Holders. 
Contact Springs and cable sleeves from 
transfer presses and progressive press 
tools. 


SPRING STEEL PRODUCTIONS L!? 


784-788 HIGH ROAD, TOTTENHAM, LONDON, N.17. Tel: TOTTENHAM 0732/0940 
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SS RST ATS 


Flooded 
with orders Z 


Orders coming in fast ? Splendid! 
But not if they come in faster than 
you can handle them. If you can’t 
meet the demand, you may lose 

that business to your competitors. 
That’s where UDT comes in. 

UDT helps you replace old 
equipment, add new, out of income. 
Which often means it pays for 

itself out of increased profits. f 
A nice business-like way to do 

business. 

If you think UDT could help you, 

get in touch with the Manager of 


ae 


\ 
. 
ree 





Ave SOS 
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3 ae J your nearest UDT office—the § 
F ——— address is in your local directory. is 
H ai 
ij =” a a ; a 3 
vi aie United Dominions Trust i 
re > (Commercial) Limited 
eee” = i: 
43 “s : United Dominions House 
[a — : E; ndon » EC3 i 
—_— ae ub: site 4 astcheap « London - EC. 
— a a — ll e~ a _ * — m , 3 
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SIGNAL GENERATORS 


IN THE 
AUDIO RANGE 


* 
% 
The ‘Advance’ Types H1, J1 
and J2 are the most 
widely used Audio Signal 


Generators in Great Britain for 
Research, Development, Communications, 
Servicing and Education. 


Type All 


Frequency range 15 c/s. to 50,000 c/s. 
Sine or Square Wave output. 
Output Voltage (High Impedance). 
Sine Wave, 200 »V. to 20 V., r.m.s. 
Square Wave, 800 «V. to 80 V., peak-to-peak. 
@ Distortion less than 1% at 1,000 c/s. 


Nett Price in U.K. £30 
Full technical details in leaflet M41. 


Type oD I 


Frequency Range 15 c/s. to 50,000 c/s. 
Output (Sine Wave only) 
Into 600 ohms, 0.1 mW. to 1 W. continuously 
variable. 
Into 5 ohms, maximum 0.5 W. 
@ Output Impedance 
600 ohms, unbalanced. 
5 ohms, unbalanced (one side earthed). 
@ Distortion, less than 2% at full output. 


Nett Price in U.K. £36 


Full technical details in leaflet M33. 


Type J2 


Identical with the Type Ji but with output 


voltage meter. 
Nett Price in U.K. £42 


Full technical details in leaflet M33. 


Advance COMPONENTS LIMITED 


wees INSTRUMENTS DIVISION 
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PROBLEM SOLUTION 


Process demands quick, Installation of N.G.N. CU.100 
regular access to a high Combined High Vacuum 
vacuum chamber. Pumping Unit 


Simple, single-lever control (giving Rough 
Pumping, Fine Pumping, Isolation or Air 
Admittance at will) results from the inter- 
locked combination of Mechanical, and 
Electromagnetic Valve Systems. Lengthy 
operation without supervision; automatic 
restarting when power supply is resumed 















Rotary pumps, diffusion pumps, valves, after failure, together with immediate and 
combined units—these are but a few from ne ee 

the very full range of equipment now being Chamber during 

produced for the High Vacuum industry periods when power is 

by N.G.N.....our technical services are cut (voluntarily or 

being increasingly used to assist and advise ene ge on )s, i 

on problems of High Vacuum. Why not CU. 100. 

make use of them—NOW. 


N.G.N. FOR HIGH VACUUM 


High Vacuum Specialists and Electrical Engineers 


N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 
Telephone: Accrington 5611-2 








PRINCIPLES OF ELECTRONIC 
INSTRUMENTS 
AND INSTRUMENTATION —call them what you will 
these tiny tubes are in fact thermo- 


ee couples in Vacuo obtaining their 
energy from a heater. A thermo-couple 
By Gordon R. Partridge, Ph.D. This new book is an essential athe junction between two dissimilar 
metals which, when heated, cause a 
DC voltage to flow in the couple circuit. 
By connecting the thermal converter 


THERMAL CONVERTERS 





aid to the many technologists and research workers who are 


nowadays faced with instrumentation problems. Based on a series to a suitable DC moving-coil meter, 
x ' measurements can be taken in 
of American postgraduate lectures, it covers the fundamental RMS values of current and 


voltage, either AC or DC 
or superimposed DC. 


principles and technique in an outstandingly clear and easy-to- 
read manner. Besides forming an excellent introduction to 


more specialised study, it will also be useful reading in 





undergraduate courses in electrical engineering and physics. 


We manufacture a wide range of Vacuo-Junctions 
available as insulated or contact types and will 

be pleased to quote for your individual requirements. 
For our descriptive leaflet, write to:— 


PITMAN TECHNICAL BOOKS DEPARTMENT VJ3 
BEST PRODUCTS LIMITED 
Parker Street, Kingsway, London, W.C.2. FELIXSTOWE - SUFFOLK 
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From booksellers, 40/- net. 
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Self-adhesive Urethane Foam 


REDUCE COSTS and 
SPEED PRODUCTION 


Tesamoll is a new synthetic material with unique features. Its 
interconnected cellular construction, compresses easily and 
has a constant, gentle push-back. It is rapidly replacing foam 
rubber and felt as well as giving results not always possible 
with traditional materials. 


IN ELECTRONICS. Tesamoll has many uses in _ this 
modern sphere to mount instruments, cushion, pack, eliminate 
vibration and seal against dust. 


ENGINEERING. Tesamoll can be used as gaskets for powder 
chambers, to seal against dust, to mount small components, to 
reduce chatter and vibration and noise. 


RADIO AND TELEVISION. Tesamoll is invaluable because 
of its unique electrical acoustical, and dust sealing qualities. It 
is ideal for sealing T.V. tubes because it is electrostatically 
negative and tends to repel dust and other air or gas borne 
particles. 


SAVE TIME. Tesamoll has a powerful pressure-sensitive 
adhesive which adheres firmly and instantly to any dry, clean 


surface. Self-adhesive Tesamoll saves many man-hours, is 


clean and quick to use and efficient in operation. 


you too. Tell us your booklet 
problem, we may well have giving full details of the 
the answer. Please ask physical acoustic, elect- 
for samples for testing. | trical and chemical 
characteristics together 
| with the range of thick- 
nesses, widths and 
prices from: 


| Send for 
TESAMOLL. Can help Technical * 


| 
SEALDRAUGHT LIMITED, 
Chandos House, Buckingham Gate, 
London, S.W.1. Tel. ABBey 3571/2. 
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Wire Strippers 


E 


LUC ELECTRICALLY 
HEATED 
Strips thermoplastic 
& rubber insulation 
without effort 














No damage 
to cable core 
or wire screen 


ERSA Soldering Appliances 


Minitype SOLDERING NEEDLES with 
screwed-in elements; 10, 20, 30 W., 
for finest electronic work 






SOLDERING PENCILS 20, 30, 40W., for the 
Assembly Line and the Service Engineer 





Also available, SOLDERING BATHS for 
Printed Circuits and for the Tinning of 
Enamelled Wire 


WTC Comprehensive Tool Range 


for Electric, Electronic and Allied 
Industries 


Box Joint Wiring Pliers, Sidecutting and Frontcutting Nippers, 


Special Pliers for tipcutting, securing circlips and thermo- 
shunting. 

Printed Circuit Pliers for crimping and cutting, bending and 
cutting. 

Wirestrippers, hand and bench type. 

Inner Core Ejectors for screened cables. 

Chrome-Vanadium Box Spanner and Screwdrivers, also with 
flexible shaft. 

Torque Wrenches and Torque Screwdrivers. 

Standard Piercing Punches, Ejector Pins, Locating Pins. 

Spring Tension Pins, Bushes, Sleeves, Bolts. 

Hard Needle Files, Diamond Files, Laps and Wheels. 


Apply for Catalogues EEI 


WELWYN TOOL Co. Ltd. 


Stonehills House 


WELWYN GARDEN CITY : 


Phone: Welwyn Garden 5403-4 


HERTS 
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‘Cfewadf TRANSFORMERS /$ # & / 








Suitable for every type of Electronic Equipment requiring components for 
exacting duties under all conditions of ambient temperature and humidity. 





@ Our Technical Department 
is at your service 








Enquiries to: 


STEWART TRANSFORMERS Ltd. 


KILBURN LANE, LONDON, W.10. | WE ARE ON ADMIRALTY AND 
Tel.: LADbroke 2296/7. MINISTRY OF SUPPLY LISTS—A.I.D. APPROVED 














VW GVOLONA OVO 





NOOO 





WOW WoW} WOW Wawa Wavy 





(WWW Wa) WWW) Wn (NWa\i MW ANON WW 


99-9999 % 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99°9999% : 


BISMUTH - CADMIUM - INDIUM - LEAD - SILVER - ZINC 
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These “TADANAC” Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 


2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE - LONDON : E.C.3 
Telephone: MANsion House 4521 
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whose Technical Servi rtment, backed by the full resources of the producers’ 
vedas gp nnrid will welcome enquiries. 
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Great advance in rak design! 


Imhofs new, modular Imrak series fills 
an outstanding need for a completely 
universal and flexible rack system. 
The new m,\ak International Rak is 
easily adapted for sealing, ventilating, 
moving or baying-up. It can carry 
British, American and Continental 
fixings. It packs flat for easy storage 
or transportation. Infinitely adjustable 
inside frames are available which, 
with four plan sizes, give maximum 
flexibility. There is a choice of normal 
front panels, one-piece front panel or 
recessed front panels with removable 
door. Panels can also be fitted at the 
rear. Side doors, too, are removable. 

A range of heights is available. 

The new International Rak is made in 
any of five standard finishes on very 
quick delivery. Other finishes to 
special order. Send for full literature 


NEW imrak interna onal seri 


> 





ps ee 
§ The strong, concealed lift- 2 The quick-release mechan- 3 Provision for fitting castors, 4 Pre-punched holes per- 
off hinges, of patented design, ism allowing the rear door to obviating the need for mobile mitting speedy, accurate 
on the side doors be lifted easily off its hinges bases baying-up 


Alfred Imhof Ltd., Dept. F12 Ashley Works, Cowley Mill Road, Uxbridge, Middx. Mw A,’ My, & Oo FS Uxbridge 6231 


Export & London Showrooms: 112-116 New Ozford St., W.C.1 Museum 7878 
IMHOFS AGENTS OVERSEAS 


Australia: Aladdin Industries (Pty) Ltd, Denmark: Tage Schouboe, Holland: |. Th. van Reijsen, Delft Sweden: Elektroniund AB, Malmo C 
Stanmore NSW Copenhagen N New Zealand: |marex Ltd, AucklandC3 Switzerland: Walter Blum, Zurich,2j39 
Belgium: Rogelec, Ghent Finland: Oy Scienta Ab, Helsinki Norway: Birger Christensen, Oslo U.S.A.: Bud Radio Inc, 

Canada: Measurement Engineering Ltd, Germany: Sunvic Regler GMBH, Portugal: Projectos e Construcoes Lda, Cleveland 3, Ohio 

Arnprior Solingen Lisbon Brit. Guiana: Davsons Caribbean 


Agencies Ltd, Georgetown. 


DECEMBER 1959 147 ELECTRONIC ENGINEERING 








EE 16 163 for further details 
































/'L. CACC 
| ay AIR HYDRAULIC 

>  @ UNIT DRILL HEAD SERIES 1 
Meee. 7 | OVERALL WIDTH (with cover) onty 4s 


~~ ~¢-“gar «a, Specially designed for light, high—precision work. 
tm, Specification includes the following features .... 
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% 4 SPINDLE SPEEDS—MAXIMUM 10,000 R.P.M. 
% INFINITELY VARIABLE FAST APPROACH AND FEED. 


, % RAPID OPERATION—FAST APPROACH AND 
52a RETURN AT RATE OF 12” PER SECOND. 


Se Se 7 %& VERY LOW AIR CONSUMPTION. 


% DRILLING CAPACITY— 3,” IN ALUMINIUM, 3” IN 
STEEL. 


View with cover removed. 


Write for full particulars to the Manufacturers 


W. J. MEDDINGS LTD. 


IPSWICH ROAD, TRADING ESTATE, SLOUGH, BUCKS. TELEPHONE: SLOUGH 22396 











Jackson Brothers Butterfly Vane 7 
Trimmer, type C711/719, with 
capacity of up to 65 P.F. with 



















MILTOID SALES | 2i8sccne: N E W/ 
DIVISION 
BX PLASTICS LTD. RANGE OF 


A Subsidiary of the British Xylonite Co. Led. 


STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal, Standard Commercial Quality 
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Oo 
A first-class rigid insulating material, supplied "”s reliable... PZ e 
ex stock in sheets and rods in a range of if it is made by a's (7 
M6 iy 
UY 


Re 


thicknesses and diameters. 


* _j chon Jackson Brothers ao, % 
Dy XO) fee ancmame 
Information and guidance on manipulation, [pads. eas a aon anes oe . 
| 


“in : ; (LONDON) LTD gap (each half) and u 
machining and cementing available on request. 


x. half). ‘ , ¥ | 
“Nl | 


T.a7es3 | KINGSWAY-WADDON~ SURREY Telephone Croydon 2754/5 | 
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34-36 Royal College Street, London, N.W.1. 
*Phone: EUSton 4146/7. *Grams: Celudol Norwest London 
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D.C. POWER 
SUPPLIES, 


The D.C. 84 is a general-purpose supply unit 
covering the range not easily handled by valves. 
The bulk of the engineering work has gone 
into making an inherently simple device 
RELIABLE and CONVENIENT that can be 
' covered by our rather unusual guarantee ‘any 
departure from the specification during the 
) first 12 months of proper use will be corrected 
free of charge’. 


» 7 
4is 


work. 





*% Novel wSec-action transistor switch handles 
shorts. 

* Voltage smoothly variable o—72 volts in 12 
turns. Additional knob gives EXTRA fine 
incremental control. 





* Filtered air drawn through front assures 
I-5 amp. continuous rating even in hot rack. 
(Yes, it’s protected against blower stoppage 
too). 


4 22396 





! * Settling time for small errors 200 Sec. 


F SERVOMEX 
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0-72 volts 1-5 amps 
with 

complete protection 
against 

repeated 
short-circuits 


type D.C. 84* 
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“contact 





The right contact is most important. It is the 
difference between success and failure. The 
striking success of the“‘Thessco’’and “*Thess- 
oP conite”’ range of electrical contact materials 
and assemblies is based on long experience. 


Our latest catalogue gives details of the com- 
3, prehensive range of contactswe manufacture. 


— 


Make the right contact now; ask our technical 
representative to call. 


HEFPFIELD SMELTING 


y ( Company Limited 


HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD 4 
ALSO AT LONDON AND BIRMINGHAM 
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Detail of radio crate 
showing Ralsin terminal 

blocks, injection moulded 
by Ward, Brooke & Co., 

Limited. 
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Introducing 


Registered Trade Mark 


, 


the new insulator 


Ralsin (Nylon 11) combines all the long-established qualities 
of other polyamides—toughness, mechanical strength, high 
softening temperature and resistance to chemical action—with 
an extremely low degree of water absorption (1.6% after 

400 hour immersion). This means that Ralsin is the first of its 
family to be a really satisfactory insulator, even in a 
saturated atmosphere or when completely submerged. 





Here are some facts : — 
Volume Resistivity :- 3 x /0!4 ohm-cm for 
2.5 mm thick sample at 80% R.H. for 4 days. 
Dielectric Strength :- 64 kV/mm for a 
sample 0.1 mm thick. 
Power Factor :- 48 hours of total immersion 
in water resulted in an increase in tan d from 0.030 
to 0.045 at 1000 c.p.s. 


And in application, as in possible shape, Ralsin is amazingly 
versatile—it can, in fact, be moulded, extruded, coated, 
dipped or machined into almost any desired form, 

from terminal blocks to coloured tape, from capacitors to coil 
formers, from switches to screws, for use in all manner of 
electro-domestic, aircraft or sensitive electronic installations. 
Yet in the most complex shape or thinnest section, 

Ralsin remains stable both physically and electrically. 

But to do Ralsin justice, and to set forth all the relevant 
technical data of this outstanding polyamide, 

Brochure No. T/R/6 has been prepared and will gladly be 
sent on request. Please do not hesitate to write. 


WHIFFENS 


A member of the Fisons Group of Companies 


CHEMICALS FOR INDUSTRY 


Whiffen & Sons Ltd., Willows Works, Derby Rd., Loughborough, Leicestershire 
Tel: Loughborough 3141. Grams: Whiffen, Loughborough, Telex. Telex No. 34548 


@ wai 
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High Stability Communications Receiver 


The Eddystone ‘‘880’’ High Stability Communications Receiver, now 
in the production stage, reaches high modern standards. It has been 
designed expressly for use in professional communications systems and, 
with the many refinements provided, is widely versatile in its applications. 


The principle employed results in an exceptionally high degree of 
frequency stability. Throughout the tuning range of the receiver, which 
is from 500 kc/s to 30.5 Mc/s, the long term drift does not exceed 50 cycles. 
Particular care has been taken to relate spurious responses to an absolute 
minimum and the figures for such characteristics as cross-modulation, 
blocking, inter-modulation and image ratio are extremely good. The 
electrical performance is well maintained in every way and conforms to 
accepted professional standards. 


There are two fully tuned r.f. stages and all tuning is accomplished 
with a single knob. The tuning rate is linear and the large clear scale 
shows only the range in use. The frequency can be set to within one 
kilocycle. Radiation at any frequency has been reduced to a very low 
=xa->\\ figure. Comprehensive information and full specification available on 
iT ONE request to commercial and professional concerns. 

x 
te 


EDDYSTO 












Race. 






on 


ELECTRONIC ENGINEERING 152 DECEMBER 1959 


— 


—~ 














EE 16170 for further details 





The Semiconductors range of Computer Transistors, designed and tested to the special 
requirements of computer engineers, is the key to a new order of computer speed and 
reliability. Overall reliability is further increased by making possible a substantial reduction 
in the number of associated components. 


ee 


The two types of Silicon Alloy Transistors shortly going into production will make it 
possible to extend this high-speed computer performance into ambient temperatures well 
above 100°C. Samples are available now. 
































TYPE DESCRIPTION RISE TIME Vc max Ic max 
millimicroseconds 
SB 344 General purpose transistors for 
SB 345 conventional logic circuits. 50 5v smA 
sec Designed ™ a. coupled 
: circuits. ontrolle input, 
} SWITCHING SB 240 saturation and hole storage 30 6v I5mA 
characteristics. 
} GERMANIUM 
High gain transistor for high- 
MA 393 speed driving of parallel circuits. 30 6v sOmA 
Ultra-high speed transistor with 
2N 501 controlled input and saturation 10 12v 50mA 
characteristics. 
) 
General purpose |0Mc/s transistor 
HIGH-SPEED SA 495 for conventional logic circuits. 100 25v 50mA 
LOW-LEVEL 
SWITCHING 15Mc/s transistor for directly 
coupled circuits. Saturation 
SILICON SA 496 resistance typically 10 ohms. 80 10v 50mA 
Controlled input and hole storage 
characteristics. 
250 mW high fre- 
2 N 597 min fe With | Cue die tn 400 * 20v 400mA 
2N 598 min fa 5Mc/s } sistors with high gain 250 * 20v 400mA 
, and lo saturation 
a 2.N 599 | min fat2me/s | 2nd low saturati 100 * 20v 400mA 
DRIVING 
GERMANIUM 
2.N 600 | min fa SMc/s | 750 mW versions of 250 * 20v 400mA 
9 99. 
2 N 601 min fa 12Mc/s j Se apne aly Yoho 100 * 20v 400mA 


























* rise time to 400mA 








Full technical details 
and applications assistance 
available on request. 








scie 
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MULLARD GENERAL PURPOSE 
SILICON ALLOY TRANSISTORS 
... THE FIRST THREE TYPES 


Transistor OC203, the most recent of the first 
three types in the Mullard series of 50 mA general 
purpose silicon alloy transistors, is now fully 
available. This new transistor has a collector 
hold-off voltage of —60V and is intended for 
high voltage applications. 

Like the OC200 and OC201 announced earlier, 
the OC203 has a low bottoming voltage and all 
the advantages of the well-known OC71 germa- 
nium series. The equipment design considerations 
are basically the same for both the silicon and 
germanium series, and designers can gain the 
maximum benefit from their experience with 


Your enquiries are invited on the OC200 series and other 
semiconductor devices in the Mullard range of over sixty types. 


Please write or telephone the address below. 


00200 


The basic type in the series. Average current gain 20 
and minimum f, 0.3 Mc/s. Maximum collector 
voltage is —25V, but the low bottoming point allows 
operation from supplies as low as 1.2V. 


00201 


A similar transistor to the OC200, but with average 
current gain increased to 30 and minimum f, in- 
creased to 2 Mc/s. 


This, the most recent transistor in the series, fulfils 
the requirements of applications needing higher 
voltage ratings. Maximum collector voltage, d.c. or 
peak, is —60V. 


MULLARD LIMITED - SEMICONDUCTOR DIVISION - MULLARD HOUSE - TORRINGTON PLACE - LONDON WC1 ~- TEL: ual 


germanium when using the silicon transistor, 

All three silicon transistors feature a 
collector leakage current and reduced noise fi 
Their wide junction temperature range 
them suitable for use at low and high teng 
atures in aircraft, guided weapons and ind 
equipment. 

These silicon 50 mA transistors express 
Mullard philosophy for both germaniu 
silicon devices thorough devel 
followed by extremely large scale pr 
to provide the user with practical and 
transistors at very favourable prices. 

























—} 
TYPE No. OC 200 OC 201 oc} 
Minimum operating am- | 
bient temperature (°C) —50 —50 | & 
Maximum junction 
temperature (°C) +150 + 150 
Abridged data | 
(at Tamb 25°C) | 
Veb (pk) max. (Vv) —25 —235 ; - 
| 
Veb max. (av or d.c.) (V) —25 —2 | - 
ig (pk) max. (mA) 50 50 5 
I, max. (mA) 50 sO 5 
a’ (or 6) spread 15to 60 | 20to 80 | 10t 
Vee (le=7 mA, 
Ih=!mA) (mY) —130 —100 | 
bb’ (a) | 125 23 | lk 
Lae 























= = OC200 ... 


THE FIRST THREE TYPES ARE NOW 


et MULLARD | 


ALL IN LARGE SCALE PRODUCTION 
ALL AVAILABLE IMMEDIATELY 


! 
N 


Mullard 








TEL: LANGHAI 
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Operate 4 channels 
from | video signal with the 

















Video Distribution | Amplifier 





Taking the output from a single video source, this com- 
pact assembly provides four separate output signals (75 
ohms load), and can develop up to 4-5 volts peak-to-peak 
across each load. Each of the four output circuits is 
virtually independent of the others: even a short circuit 
on one produces less than 2%, variation in output of the 
other three lines. 

High input impedance (10 kilohms) prevents overloading of the 
source. Amplification can be adjusted in steps over the range —I, 
0, +1, +2, +3 db. Droop on a 50 c/s square wave is less than 2%. 
There is no overshoot. 

BE Transistorised Video Distribution Amplifiers require a 
power supply of 12 volts DC, 150 mA, and can be operated 
from a car battery on location. Four amplifiers and a 
transistorised BE power supply fit a 19-inch rack. Please 
write for full details. 





BLACKBURN ELECTRONICS LIMITED 
BROUGH, YORKSHIRE. TELEPHONE, BROUGH 121 













‘SREGALOX” £ 
ALUMINA CERAMICS 


Unaffected by high working 
temperature ‘“REGALOX”’ remains 
dimensionally stable under most 
conditions. It holds close 
dimensional tolerances and 
concentricity. It is impervious to 
moisture and withstands the action 
of practically all chemicals. Where 
required, components can be 

high temperature metallised—a 
process which has already had a 
wide application in the Electronics 
field. 

Let our “REGALOX” technical development 
advisory service tell you how ‘“‘REGALOX”’ can ‘REGALOX’ Test Piece sent 


be applied to your products, your production _ 
and maintenance. on application 














THE ROYAL WORCESTER INDUSTRIAL CERAMICS LTD. 


(A DIVISION OF ROYAL WORCESTER LTD.) 
Telephone: Tonyrefail 435/436 Ton yre fail ri Glamor gan Telegrams: ‘‘Porcelain’’ Tonyrefail 
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The logical advance in MAI TITI! 











OLD WAY 


Threaded studs were 
spot welded (or inserted 
if die-cast) to the name- 
place. To hold this in 
position, washers and 
nuts were laboriously 
assembled with great 
difficulty especially on 
blind applications. 











THE SALTER WAY 


Studs are cast in with 

















ESS SSS eee TT the nameplate, and the 

U : al U Fixes are simply pushed 

E D : on, even on blind appli- 
“W"" FIXES ON STUDS. cations. The whole is 


firmly retained with an 
even spring tension. 











save material—reduce assembly time 








When it’s a question of assembling components machining operations. A large standard range is 
in any engineering field, Salter Retainers are the at your immediate disposal, and we should 
answer. They replace nuts and bolts, screws, welcome the opportunity to assist in developing 
cotter pins, and eliminate expensive threading and special retainers to solve your problems. 





NEATER — MORE POSITIVE — PERMANENT RETAINING 
Send for the Salter Retainer 
catalogue — no designer is 


Circlips €é> Fasteners Retainers Fixes 


Geo. Salter & Co. Ltd., West Bromwich - Spring Specialists since 1760 
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BALDWIN 


miniature moving coil meters 


@ In any colour or finish 






H Open or protected front 
@ Customer’s monogram 


ne ae 
Amperes 
BALDWIN 


SF 





Protected front model —actual size 


RANGE AMPS Self-contained, 50 micro-amps to 
10 milliamps. Higher ranges as required 


with external shunt. 


VOLTS 5 to 300 volts, 1000 ohms per volt. 
Ac or pc. External resistance. 
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| Bein a 
jmpROVEDS CRINKLE 


SPRING WASHERS 


2% 












Size Range \ 
10 B.A. to va 
pose 


Satisfactorily meets 4 
t 
\ 


A 


the following require- 
ments: Corrosion Resis- 
tance, Non-Magnetic, Excellent 
Electrical Conductivity, High 
Tensile Strength up to 85 tons per 
sq. in., Prevents damage to surfaces 
to be locked together. Made to | 
Admiralty Signal and Radar Establish- { 
A.110000-Approved by | 


Phen 


ment Spec. 
RAE/RSP. 318 & RCL. 224. t 


Supplied G.C.Q., A.I.D. or A.R.B. Released. £77 
Prices and Samples on request. 


fig 
FORMERLY MARKETED BY y * 
DAVID POWIS & SONS LTD (© 




















ACCURACY 1Toss89. Scale length 80°. 
MOVEMENT Particularly robust. Moving coil. Knife- 
edge pointer, zero adjuster. 
, . GRUNDY & PARTNERS LTD. 
CASE Sealed, pressed steel. Open or protected 
front. Weight of movement and case 5! oz. Designers and Manufacturers 
Available in any colour or finish with mono- . 2 
aiid of Electronic Equipment 
DELIVERY 14 days. We offer you a complete service from 


INSTRUMENT DIVISION 


BALDWIN INDUSTRIAL CONTROLS 


BALDWIN INSTRUMENT COMPANY LIMITED 
DARTFORD - KENT 


Telephone Dartford 2948 & 6411 
Cables & Telex Baldwin Dartford 


A Harper Group Company 





B33 


Drawing Board to Finished Product. 
Quotations for Main or Sub contracts; 
quantity production or one-off jobs. 


Contractors to Government Departments. A.I.D. Approved 
Write for leaflet 
3 THE CAUSEWAY, TEDDINGTON, MIDDLESEX 
Telephone: TEDdington Lock 3402 











AP ll 
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DEVELOPMENTS CO. LTD. 


ULVERSTON NORTH LANCS = Ze/: Ulverston 3306 








Delay Lines 


Concentric 
Piston 
Condensers 


Miniature 
Air Dielectric 
Trimmers 


Tempatrimmer 
Adjustable for 
Temperature 
Coefficients 


P.T.F.E. Stand-Off 
and Lead-Through 
Insulators 


Ceramic Stand-Off 
Insulators 


Multi-Tag 
Insulators 





DEVELOPMENTS (DEAL) LTD. ‘77° 


72-74, DOVER ROAD, WALMER, KENT. 


AP il 


nor aus SPECIALISTS IN SUB-MINIATURE TELECOMMUNICATIONS COMPONENTS 
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MINIATURE STABILIZED 


POWER UNIT 








TECHNICAL SPECIFICATION 
Mains Input : 200-250v AC 
Outputs : Two 4-pin sockets 
Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250v 
Regulation 2 O15% 0°025% 0°025% 
Voltage stabilization Ratio : 0-1/5 0°075/5 0-075/5 
Ripple : Less than 0:-4mv RMS on full load 
AC Output : 6°3V, 2A at each socket 
Size : 5R"x5]" x 5h" PAMPHLET No. 1241b ON REQUEST 
Weight : Approximately 9} Ibs 
Delivery : Early delivery can be given 


Other voltages within the range 150-250v can be supplied to order. 


By means of simple links, one unit ¢an provide any one of three output voltages. 


BARR & STROUD LTD. cninotce:tinnsirstoue,irat rat ox, SW 














your starting point 

























* Well-proved design. 


* Up-to-date folded section 
construction. 


* Rack tappings to suit £ 
British, U.S. and Conti- Gtum 


nental equipment. 
are engineered to your requirements 


In the finest quality zinc-coated steels and finished 
Unit doors of any size on in high-relief hammer stove enamel]; other finishes 
want or reer. available to your own particular specification. £ 


Cooling by blower, extrac- Be, Delivery period for most standard 
tor fan or natural convec- oo ‘ ¥ 

tion without modification to —— Racks is seven days. 

rack, OT 


Identical front and rear 
frames. 





METAL PRODUCTS LTD. == 
a Datum COLNE WAY TRADING DUCTS LTD. JLT 


WATFORD .- HERTS. GROUP 
Telephone: Watford 22351 Telegrams: Datum, Watford AD/D!3 
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EDISWAN MAZDA 10F18 


The 10F18 is a variable mu H.F. Pentode, on a B9A base, 
intended for use in AM/FM a.c./d.c. receivers. 
Heater Current (amps)... i. * 0.1 
Heater Voltage (volts)... coe 13 


MAXIMUM DESIGN CENTRE RATINGS 


Anode Dissipation (watts) Pa (max) 2.25 
Screen Dissipation (watts) Pes (max) 0.5 
Anode Voltage (volts) - Va (max) 250 
Screen Voltage (volts) ... Viewed 250 
Heater to Cathode —— (volts 

r.m.s. ) Vh-x (max) r.m,s. 150 

INTER-ELECTRODE CAPACITANCES (pF) 

Grid | to Anode (with external can) ... Cgy-a 0.0017 
Grid | to Anode (without external can) Cy, 0.0019 


Anode to Earth (without external can) Ca-E 4.3 
Grid | to Earth (without external can) Cz,- 5.0 
Inter-electrode capacitances measured in fully shie ide d socket. 


TYPICAL OPERATION 


Anode Voltage (volts)... a * 175 175 
Screen Voltage (volts) ee 100 175 
Grid Bias Voltage (volts) — * —1.3 
Anode Current (mA) ne < e 12 
Screen Current (mA) van oe 3.5 
Mutual Conductance (mA/V) ... gm 4.4 
Bias to give Mutual Conductance 
100KA/V (volts) ics. | Wty -19.5 
Valve Anode Resistance 
(5Va/Sia)(k Q) aa Ta 
Input Capacity Working (Hot) (pF) Cin (eo) 7.1* 
Change in input capacity produced 
by biasing valve to cut off (pF)... Acin Py i 
Input Loss at 38 Mc/s with cathode 
pins strapped (kQ) hv : 16 


Note: lf only one cathode pin is “required it is recommended that 
pin 3 be used. 
*Inter-electrode capacitance with holder capacitance balanced out. 
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MAXIMUM DIMENSIONS (mm) 





Characteristic Curves of Average Ediswan Mazda Valve Type 10F18 
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—350 — 40 —30 —@ —10 
GRID VOLTAGE—VOLTS 


SIEMENS EDISON SWAN LIMITED An: 4.£./. Company 
Technical Service Department, 155 Charing Cross Rd., London, W.C.2 
Telephone: GERrard 8660. Telegrams: Sieswan, Westcent, London 
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Overall Length 56 
Seated Height 49 
Diameter 22.2 
a 
93 
92 
91 s 
Cy 
VIEW OF FREE END k k 
hh 
T 25 
! | 
ANODE CURRENT 
SCREEN CURRENT — —— 
— —— _ ~ + 20 
| 
| P 
“ 
r 
a — — ———_+ s ra 
| = 
i < 
iw = 
neetemees = ——" ae 15 4 
| b 
G 
(- 
ac 
> 
UV 
z 
uu 
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Technical facts and sound 
business judgement both say it’s 


Bran DAUER 
TO VERY 
FOR CLOSE 


be FRYLLIUM TOLERANCES 
Correr PRESSINGS 


Today, we of Brandauer are among the FOUR SLIDE WORK 
largestand most sought-after fabricators OF THE UTMOST PRECISION 
of beryllium copper pressings in Britain is also a helpful part of our service. 
—thanks to a hundred years of heat Lo are our large stocks of material. 
. ar hey enable us to quote early 
treatment experience, specialised plant, deliveries for most pressings and com- 
and ten years of research. Being crafts- petitive prices for all. In short, 
men, experts, and indeed enthusiasts in a ng a = both 
. . agree that for time an tolerance, 
beryllium copper, we work with quality and price—choose Brandauer. 
extreme precision, and in certain May we send you samples and further 
circumstances regularly maintain an information? 
accuracy of .00025”. All our com- We also specialise in precision press- 
ings manufactured from all ferrous 
ponents . are of course made to and non-ferrous materials including 
customers own requirements. the cupro-nickel alloys. 


C. BRANDAUER & COMPANY LTD. Es:. 1862 


40! New John Street West, BIRMINGHAM 19. Telephone: ASTon Cross 3818 














A-Ii-D APPROVED 











THE [Re leone 
“54” a a | 
eee | 

DRAWER [igen Om Be ae —— 











OE 










EXTERNAL & INTERNAL UNIT eS = me 
MICROMETERS am a a ce 
ALL STEEL ' BE RERe = Se | ce 
» Stove a MEE Bs ey OH 
HEIGHT Enamelled RZ eo —- Ti lec 
GREEN SE rear 
GAUGES 
& 
OVERALL 
SIZE 
STANDARD = aan 
MICROMETER HEADS 1 DEEP 
MODIFIED AS 
REQUIRED 7 
SPECIAL Contains 54 of these drawers, 
MICROMETER HEADS each 5” wide 3” high 11}” long. 


MADE TO ORDER 
54 dividers and 54 drawer cards 


. with each unit. Extra dividers 
Catalogue Available on Request 6d. each te 

















£18 ve Ss 
SHARDLOW MICROMETERS LTD. ENGLAND, SCOTLAND and WALES 
P.O. BOX 52. SEND FOR SAMPLE DRAWER 
PETRE STREET, SHEFFIELD, 4 
London Office:- W. J. Bithell Ltd., 41 Whitehall, “peo S.W.1. N $s C. BROW N LTD. 
Scottish Office:- 19 Waterloo Street, Glasgow, C.2. EQUIPMENT WING . HEYWOOD . LANCS. 
A MEMBER OF THE GAUGE AND TOOLMAKER ASSOCIATION Telephone: Heywood 69018 (6 lines) 
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TERRY’S SPRING PRODUCTS 





Whatever you need in springs can be supplied or made for you by 
TERRYS. After more than 100 years of spring making in all its 
various spheres ‘TERRY’ & ‘SPRINGS’ have come to mean the 


same thing. 


Single Coil No.159. 


Light Double Coil No.54A. 





QUALITY SPRING WASHERS. 


Standard Double Coil No.54. 


Hardened and tempered Domed No.554 






TERRY’S security Worm Drive Hose Clip. 
Just one example of the kind of thing we make supremely well. 
Immediate delivery of all sizes from stock. Sample & price list free. 


















b] 
You're sure to find 
o 
the very spring you 
= 5 RB No. 1024 
want in Terry Ss oxes 20 Compression Springs 
12” long. }” to 3” diam. 24G to 18G No. 757 
. suitable for cutting into shorter lengths ; Extra Light Compression, 1 gross 
of Assorted Springs and 30 Expansion 14” to 12” long. 4” Assorted, }” to %” diam. 4” to 24” 
to 2” diam., 22G to 16G. 24 - each. long. 27 to 19 S.W.G. 15/- each. 
No. 760 
No. 761 Three doz. 






1 foot lengths Expansion 
Springs suitable for cutting into shorter lengths. Assorted 
diameters from }” to 3” and 24 to 16 S.W.G. 7'6 per box 
containing 1 dozen lengths. 





No. 1200 \N 


7 Assorted Light 
Three dozen Assorted 


y Compression 
Light Expansion Springs, suitable for Springs. 1” to 4” long 22 to 18 
carburettor control, etc. 13/6. S.W.G. }’ to 4” diam. 6/6 each. 








No. 762 


1 foot lengths Compression Springs suitable for cutting into 
shorter lengths. Assorted diameters from 4” to $” and 24 to 
16 S.W.G. 4/6 per box containing 1 dozen lengths. 


Have you a presswork problem ? 





CUT PRODUCTION COSTS 
WITH TERRY WIRE CIRCLIPS Interested in Springs? 


We can supply from stock in sizes Ninth Edition of “Spring Design 
from 3” to 3”. & Calculations” post free 12/6. 











If so, send it along and we'll help to solve it for you. 


HERBERT TERRY & SONS LTD., 


Redditch, Worcs. (Makers of Quality Springs, Wireform & Presswork for over 100 years) unas 
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Piezoelectric 
Ceramics 





TYPE LZ-4A TYPE LZ-5A 
Improved polycrystalline ceramic materials k 0.600 0.540 
for all piezoelectric applications including gramophone pickup elements, k3 oo . —_ 7 
, , d3) -107 x 10 -140x10 ~ coul/Newton 
accelerometers and pressure cartridges, flaw detection probes and K3 1350 1500 
high power ultrasonic transducers. Density 7.6 - 7.5 grams/cc 
Resistivity > 10 >10 ~ ohm. cm 
Mechanical Q 5 ¥o 
tan § 0.004 0.02 





Brush Crystal Co. ltd. 





SHORE ROAD: HYTHE : SOUTHAMPTON 
TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON 





av 


SAAN EWIEL IIS C2" 


sag SESS OW Et SLT: EE EE 16 189 for further details 









VALVE BASES (Stems) 
in Lead and Hard Glass 


VALVE SLEEVES 
QUARTZ CRYSTAL CONTAINERS 
2 
PROBLEM : FILAMENTS (HEATERS) ‘isv"2¢2; 


Pressed, Fabricated and Deep We specialise in short runs to customers’ specifications 
Drawn Components for the % We invite your enquiries, also for other Glass Parts for 
Electronic and Radio Indus- the Electronics Industry. 

tries are our business; what- ° 
ever you need, Chassis, Cases, : DAY-IMPEX LIMITED 
Panels, Fixing Brackets, etc., Ss Progress Works, Brunel Road 


we can make t S : 
ae € them to your = Eastwood Industrial Estate, Southend-on-Sea, Essex 
pecincation. > Telephone: EASTWOOD 525296/7 


= HAVE YOU 
5 A COMPONENT 


fn S40 ¢ a ‘Ve 


ering 








MANY STANDARD) <% 
TOOLS IN STOCK 2 FOR EXPERT TECHNICAL PACKING, SHIPPING, 


DOCUMENTATION AND INSURANCE, CONTACT: 
te TELEPHONE MOORGATE 9349 (2 lines) 


We produce in:- 


STEEL - ALUMINIUM 
BRASS - PHOSPHOR BRONZE 


NICKEL SILVER se ME RIDIA SHIPPING & FORWARDING CO. LTO. 
Self colour, plated, and/or = . ea ee oo 


prs hpngcanaigi 3, COPTHALL BUILDINGS, LONDON, E.C.2 


Please send us your enquiry. 
WE SPECIALISE IN ELECTRONICS 


1 kabel. Comprehensive Service from Works to Destination 


COMPONENTS LTD 
74-76 Church Road, Barnes 
London SWI3 Phone RIV 6673/5 
HDRES DA SELVES DOES 
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MUS HAIMA TANIA ECN OS 


WE COLLECT, PACK AND SHIP 
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Gecolite | ASSEMBLIES. Adjustable Ferrite Cores 


'GA_176 


} 














-_* 4 4 . 4 4 4 4 + a ' 3B 
123456123 45678901 
TURNS OF ADJUSTING CORE 
1098") 4934") [1-098 . 41584. 
TYPICAL ‘Q’ CURVES : x TT — 


VCGA (32 VCGA (76 
1-192" +4 4-800 6 fo 1-192" +4 45010 


i. 


AMPTON 





* -920 > 


her details 


| 
| 
| 
| 
| 
| 


west ddr 


N 
o 
°o 
N 
TET: ‘ 


| 
ae 
Rac) i= 


VOGAI3I ~ 


an 1.7801) Ke 4 


, ea : he | 
So cl] { 
FREQUENCY IN Kc/s > e \ o_o 
"0 : Sj) Ce, 
P 


VGA 106 VGA 106 





In Grade P. Gecolite, nominal 
initial Permeability 1200/1800 
oe oe Write for Data Sheet 592 


S.E.1. Type No. A —40°C to | inal 
+70°C parts| Gap 
/million?C m. 


eoo|-coco| «coo 


- 
“| “ass 
am 


VOGA1I32B | VCGA132B | VGA1328 
| VDGA132C | VCGA132C | VGA132C 
PYGAI06A | VGAI06A 
PYVGA106B8 | VGA106B 
PYGAI06C | VGA106C 
PYGAI06D | VGA106D 
VOGAI3ZIA 
VOGAI31B 
VOGAIZIC 
VOGAI31D 

VCGAIT6A 

VCGAI76B 

VCGAI76C 

VCGAI76ED 


For details of assemblies with 
non-adjustable cores, ask for 
Data Sheet 591 


with adjusting core in minimum position. 


SALFORD ELECTRICAL INSTRUMENTS LIMITED 
nation LIMES: MiIL.1 HEY WOOD EAN CASHTER \ 


VGBRAL EFS PAIL £53 
her details 
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Now available in the U.K.... 
MINIATURE 10 TURN 


PRECISION HELICAL POTENTIOMETERS 


PK I5 & PM 15 SERIES 


of field tested American type Miniature Precision Helical 





Pots are now manufactured in this Country. DIAMETER 
only { in., 10 turn or 3 turn pots available with resistance 
values of 100-100K ohms. 


AND STANDARD 10 TURN HELICAL POTS 








— WITH BUSH OR SERVO MOUNTING PR 30 & POS 30 SERIES 
— BALL OR SLEEVE BEARINGS are larger types with 14 in. diameter, resistance values 
— COUNTING DIALS TO SUIT 100-500K ohms, 10 turn or 3 turn. 
STANDARD RANGE MINIATURE and STANDARD POTS, WINDOW TYPE 
OF COMPONENTS DIALS, INDICATING DIALS, FLUSH LOCKS, SPIN- 


DLE LOCKING DEVICES and SERVO POTS. SPECIAL 
WOUND CARDS and POTS to customers’ specifications. 
Please Write For Comprehensive Catalogue: 


SENERAL CONTROLS LTP 


12-15 BOWLERS CROFT, HONYWOOD RD, BASILDON, ESSEX. Tel: Basildon 20415 


Standard & Miniature 






Sales and Service from 61 Factories throughout U.S.A., Canada, West Germany, Switzerland and the U.K. 





evn TROL i's OUR BUSINESS ° 





@ PULSE HEIGHT ANALYSER, Type H.S. 100 


A sophisticated instrument in the lower price range. Includes 
Scaler, Live Time Integrator and Print-Out. 


@ TWIN-CHANNEL PULSE GENERATOR Type T.P.G. 100 


@ MAGNETIC PULSE RECORDER, Type M.P.R. 103, Tran- 
sistorised. 


@ A DESIGN TEAM TO MEET YOUR OWN SPECIAL 
REQUIREMENTS. 


Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 


cue. ATSPOR I. CAMBRIDGE, ENGLAND 
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Where Precision 
Is essential 


s | »| MCGRATH PLASTICS 
MOULD TO FINE LIMITS 
FOR INDUSTRY 






WW 





bore = — 


s With a team of technicians, each member being 
selected for his specialist knowledge and experience 

es in the field of plastics, we are able to offer industry 
the best possible service in the production of mould- 
ings, irrespective of the shape, size or complexity. 

E Your enquiries are invited. 

N- 

iL 





"= Jo joes in — ~ 
n money in addition to avoid- 
oe ing production bottlenecks why 
oe ae and wastage of materials, is . 
“a really something. Buying is crad I ec I I p 
° simple for each of the three reall 2 
cradle sizes has a wide scope 


in cable carrying capacity, [ie @)| e word 
and Cradleclips are so strong, for 


there’s no —- . 
LL. At every stage of switchgear ae 
production and wiring con- wiring 


tracts, Cradleclip brings out- 
Standing advantages. 





a * and don’t te 

%* Cuts wiring time : forget all the other ‘ 
by 52% . benefits “ 

% Combines high Pi aii : 
speed fixing with = (~~~~---7~ 
simplicity and 

des security. 

* Brings a new versatility, compactness and neatness to 
your wiring. 

%* Completely insulated and suitable for all climates. 

100 % Electrical and mechanical security in all conditions. 

%& Proved in wiring installations throughout the world. 





ww” 


an- 





cradleclip 


“ Cradleclip” is a Trade Mark the property 

of Insuloid Manufacturing Co. Ltd. 

TWICE AS GOOD... TWICE AS QUICK . 
WHEN YOU WIRE WITH CRADLECLIP ! 


Proof of facts about how you can save money en wiring 
with CRADLECLIP is contained in our Time and Mc G RATH PLASTI C S LTD 
Motion Study Report which is available now at your request 


Send for fully descriptive literature on the Insuloid 
Cradleclip Wiring System now and find out about the other ee ee ee es 


Insuloid time and money saving products. 









AL 








TRADING ESTATE CHENEY MANOR. SWINDON WILTS 
INSULOID MANUFACTURING CO. LTD. TELEPHONE SWINDON 6541-2 


Sharston Works, Leestone Road, Wythenshawe, Manchester. 
Tel: WYT 2842 & 3163 
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Over 5,000,000 @j Permanent Magnets are manufactured 


each year in this Modern & Efficient Factory 









LOUD SPEAKER 
MAGNETS 


im Alcomax 


*. 
~ 
~ hs 





& Semi-Columnar Alcomax 







% Write for literature 


PM 108/56—Loud Speaker Magnets. 
PM 169/57—Semi-Columnar 
Alcomax Magnets. 
Bulletin M 10/57—Eclipse Shell-Moulded 
Permanent Magnets. 











Made by the designers & manufacturers of Eclipse permanent magnets & chucks 


JAMES NEILL & CO. (SHEFFIELD) LTD - SHEFFIELD - ENGLAND 
M 21 













THE PHILIPS 
GM.6012 BROADBAND / 
MILLIVOLTMETER 





Fé YW), 
\S SS age 
eee ————— we 
matt os 
sa suitable for measurements in the Technical data 2 c\s...1 Mc's better than + 5%. 
acoustical and ultrasonic fields, electrical Measuring ranges: 1 mV — 300V f.s.d. Input impedance: 1 mV...3 V range 4 M9 
measurements of mechanical vibrations, dB scale from — 80 dB .. . 52 dB parallel with 20 pF. 
measurements on I.F. and A.F. amplifiers O dB=1 mW in 600 a (0.775 V). 10 V...300 V range 10 MQ parallel with 
and measurements on carrier telephone Frequency range: 2 c/s...1 Mc/s 10 pF. 
installations. Overall accuracy: 20¢/s...100kc/s+2.5%. Mains supply: 110-245 V. 40-100 c/s. 
Sole Distributors in U.K.: Product of N. V. Philips, Eindhoven, 
INSTRUMENT HOUSE, 207 KING’S CROSS ROAD, W.C.I. TELEPHONE: TERMINUS 8444 (RCLO414) 
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talk to 
TCL about 


ultrasonics 


T.C.L. can justly claim leadership in the production of modern 


a & 

| 23 

et el. * ae 
Rail 


transducers for an almost endless variety of applications—a 
few of which, extracted from the new T.C.L. booklet, are listed ny 
here. This quite unparalleled experience is the result of extensive 
research, development and production in piezoelectric ceramics 
both in Britain and America. It could be the hub upon which 
your own progression is destined to turn... and T.C.L. now 
invite you to let them apply it in your ultrasonic programme. 
To that end, Design engineers and others interested in the 
application of piezoelectric ceramics are urged to request a copy 


of the T.C.L. brochure. 





piezoelectric ceramics now available 


@ TCL3=a very stable barium titanate material, well established. 
@ TCL4= high temperature, experimental lead-zirconate titanate. 


@ TCL6=similar to TCL4, but having a higher K value. 


TECHNICAL CERAMICS LIMITED 


Wood Burcote Way, Towcester, Northants. Tel. Towcester 337 





PTCL8 
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The vital link 
in every circuit 


Fi 





You ll need 


this booklet... 


i 
« I 





when you are faced with the problem 
of finding exactly the right type of 
Connector for a particular job. 

It provides abridged data on the wide 
range of Plugs and Sockets 
manufactured by Plessey, and lists the 
publications which are available on 
various types. 

Selection is simplified even further by 
means of the Selection Guide enclosed 
with the booklet. It lists fully the 
main characteristics of each of 

16 different ranges. 

If you have a need for Plugs and 
Sockets you also have a need for this 
information. 

Write today for a copy of 

Publication 148. 








Electrical 


Plessey connectors 





Wiring and Connectors Division 
The Plessey Company Limited 
Cheney Manor - Swindon - Wilts 
Telephone : Swindon 6251 


Overseas Sales Organisation: 
PLESSEY INTERNATIONAL LIMITED ° ILFORD * ESSEX 
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VACUUM OVENS 
DOUBLE ENDED 


Made throughout in polished 
stainless steel. 


Single action door openings 


Rectangular with shelf spac- 
ings to suit. 


Double ended controls. 


Electrical interlocking of air 
inlet and isolation valve. 


Outer cover hermetically 
sealed. 


Temperature Range 
0°—300°C or equivalent F. 


Temperature Control: 
Normal +73°C. 
Special + 1°C. 


Internal Spacing 7” x8” X18” 
(can be altered to special 
requirements). 


Vacuum Range to 10-4 mm. 


Respective Vacuum Gauges 
incorporated. 
inlet valve 


Automatic air 


backing Pump. 


Visual Indicators and fuses on 
all switches. 


Flanged for fitting into Dry 
Box. 





Er, 


V6.c0.¥ 


to Customers’ 
Should you have any problems 
in this field, our Technical Department is always willing 
to help you solve them. 

Vacuum Ovens with temperature of up to 600°C are 
also manufactured by us on similar lines but with 
Sectional Heating and Water-Cooled Ends. 


We design and manufacture Ovens 


special requirements. 


VACWELL ENGINEERING CO. LTD. 


WILLOW LANE, MITCHAM, SURREY 
Tel: MiTcham 82!! 


SPECIALISTS IN DESIGN & MANUFACTURE OF VACUUM EQUIPMENT 
ER 


DECEMBER 1959 
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MPU RYEYOL TERY 4) 
AUTOMATIC VOLTAGE 
REGULATORS 


Taave © 





Model shown is for the control of a 28 Volt D.C. generator 
for use on aircraft. 


PATENTS PENDING 





Regulation closer than = 1% between ex- 

tremes of temperature from —60°C to - 70°C 

Speed of response 50/60 milliseconds. (ann) 

For industrial purposes at normal ambient 

temperatures regulation within = 0°5%. 

Dimensions, 5” x 6” x 53” high. 
; Weight 4 lbs. 


FIELD 








A=REFERENCE BRIDGE 
B=TRANSISTOR AMPLIFIER 





NEWTON BROS (DERBY) LTD 


ALFRETON ROAD - DERBY 
Phone: Derby 47676 (4 lines) GRAMS: DYNAMO - DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2 



























A Predetermining Counter 
with Auto-reset 





ey Single Digit Counters which 
can be assembled in groups. 
Forward or backward count- 
ing. Auxiliary contacts for 
predetermining. 





Cc Electrical Reset High Speed 
Counters. 






Our range of counters offers in the 


most compact form types for all D High Speed Councers. 

requirements. The total full size (second). oe ~ pegged 
> a 1e above ana other 

width of the group above is only 6 eonntee to cui aige te 

















inches. 


THE STONEBRIDGE 
ELECTRICAL CO. LTD. 


6 Queen Anne's Gate - London + §.W.1 
Telephone: TRAfalgar 1444 




















Agents and Licensees in U.K. for ““SODECO’’, GENEVA. 
EE 16 202 for further details 
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let Broxlea lighten your load 
Broxlea have brought contracting to 
the Electronic and Telecommuni- 
cations Industry to a fine art. In 
15,000 feet of up to date factory 
250 skilled operatives, under fully 
qualified direction, do cable forming, 
assembly, wiring, relay adjusting and 
many other similar jobs for most of 


the largest firms in the Industry. 


skilled workers 
4 extra 


floor space production facilities 


+ _ for you 
expert supervision 


Such is the efficiency and economy 
resulting from Broxlea specialisation 
that main contractors’ time schedules 
can be improved and adhered to 
and production costs often reduced. 
If these things interest you, you 


should certainly contact Broxlea. 


BROXLEA 


trusted by the people 
you trust 


Broxlea Service is depended upon 
by several world famous firms in the 
Telecommunications and Electronics 
Industries—tirms that are universally 
trusted. 


* To interested Executives we will 
gladly send three-dimensional colour 
photographs illustrating every aspect 
of the Broxlea Contracting Service. 


BROXLEA PRODUCTS LTD. PARK LANE BROXBOURNE HERTFORDSHIRE Phone: Hoddesdon 4455 
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Electronic 
Engineering 


READER INFORMATION 
SERVICE 


If you would like to receive further 
information about any item adver- 
tised, or mentioned in the Electronic 
Equipment section, in this issue 
simply enter the appropriate ref- 
erence number(s) on one of the 
cards opposite and post to “Electro- 
nic Engineering” (no postage stamp 
necessary if posted in Great Britain 
or Northern Ireland but overseas 
readers must stamp the card). We 
will contact the manufacturer or 
supplier concerned. No obligation 
is incurred. 


Si vous désirez recevoir des ren- 
‘seignements complémentaires sur 
tout article annoncé, ou mentionné 
dans la section de l’Equipement 
Electronique, dans ce numéro, il vous 
suffira d’insérer le numéro (ou les 
numéros) de référence appropriés sur 
Pune des cartes ci-contre et d’adresser 
la carte 4 “Electronic Engineering” 
(ne pas manquer d’affranchir). Nous 
nous mettrons en rapports avec le 
fabricant ou fournisseur intéressé. 
Cela ne vous engage aucunement. 


Falls Sie iiber irgendwelche Artikel 
die in unserem Inserat oder im Teil 
‘Electronic Equipment’ (Elektro- 
nisches Ausriistungsmaterial) dieser 
Ausgabe erwahnt sind weitere Aus- 
kiinfte wiinschen, bitten wir Sie die 


betreffende Referenznummer oder-. 


nummern einfach auf eine der Karten 
gegeniiber einzutragen und dieselbe 
an “Electronic Engineering” (Brief- 
marke erforderlich) abzusenden. Wir 
werden uns mit dem betreffenden 
Fabrikanten oder Lieferantem in 
Verbindung setzen. Dies ist fiir Sie 
volistandig unverbindlich. 


Ecam untatenb *enaeT MMeTb Gozlee 
foypoOunie cBeqHHiAl O MpoyKTax, 
YNOMAHYTHX B OOBABIC€HHAX HIM B 
TekcTte pasyeia ‘‘OnexTpoHHoe O60 
PyqoBaHue** HacTOAero HOMepa, MIpo- 
CHM OTMeTHTL CCLIaeMBIit HOMep(a) Ha 
-ORHOK us KapToweK HM OTMpPaBHTb ee 
(onmayennoii mourosot MapKoli) no 
aapecy “Electronic Engineering.’’ Mu 
CBaAxkem untatena, 6e3 BCAKOrO O6A3a- 
TeAbCTBa C ero CTOPOHH, C COOTBETCT- 
PByouet upmot dabpukanTos win 
-MocTaBukos. 


See eee et kt tee 


READER INFORMATION 
SERVICE 


Electronic 
Engineering 


Please arrange for me to receive further details about the products, the reference number(s) of which 
| have entered below. 


EE ate . EE enietginiisess a Seiden EE 
EE EE 

EE . hitetaed - 
Web cstusicnttitice EE EE 
EE EE EE 


YOUR NAME 

NATURE OF BUSINESS 
NAME OF BUSINESS 
ADDRESS 


POSITION 


PLEASE USE CAPITAL LETTERS 


READER INFORMATION 


Electronic 
SERVICE 


Engineering 


Please arrange for me to receive further details about the products, the reference number(s) of which 
| have entered below. 


EE Sas, Hees EE EE EE 
EE ae a, EE EE 
eae Win cee as EE EE 
EE ene 2... EE EE 
EE EE EE EE wat 
YOUR NAME POSITION 
NATURE OF BUSINESS 

NAME OF BUSINESS 

ADDRESS 


PLEASE USE CAPITAL LETTERS 


READER INFORMATION 
SERVICE 


Please arrange for me to receive further details about the products, the reference number(s) of which 
| have entered below. 


EE 
EE 
EE 
EE 
EE 


YOUR NAME 

NATURE OF BUSINESS 
NAME OF BUSINESS 
ADDRESS 





Postage 

will be 

paid by 
Addressee 


MORGAN BROTHERS crustisners) LTD., 
28 ESSEX STREET, 
STRAND, LONDON, W.GC.2. 


Postage 

will be 

paid by 
Addressee 


MORGAN BROTHERS (pusuisuers) LTD., 
28 ESSEX STREET, 
STRAND, LONDON, W.C.2. 


Postage 

will be 

paid by 
Addressee 














BUSINESS REPLY CARD 
Licence No. 597 




















BUSINESS REPLY CARD 
Licence No. 597 











HH 


MORGAN BROTHERS (pusuisners) LTD., 
28 ESSEX STREET, 
STRAND, LONDON, W.C.2. 











BUSINESS REPLY CARD 
Licence No. 597 








No Postage 
Stamp 
necessary if 
posted in 
Great Britain 
or Northern 
Ireland 


No Postage 
Stamp 
necessary if 
posted in 
Great Britain 
or Northern 


lreland 


No Postage 
Stamp 
necessary if 
posted in 
Great Britain 
or Northern 
Ireland 
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Consult 


Birch/ 








REGISTERED TRADE MARK 


for 
TOROIDAL 
RESISTORS 








FORMER 
Patented ceramic 
moulding with horizontal op- 
posed copper graphite internal 
brush movement. 


WINDING 
Best quality resistance 
wires to B.S.S. 115. 


WRITE FOR LIST NO. 130 








VITREOUS ENAMELLED RESISTORS 


Ferrule or wire end type: 
full range of 24 sizes—14—250 watts. List 190 


Also makers of:- 


Asbestos Woven Mats. Motor Operated Resistors. 
Heating Elements. Stud Type Resistors. 
Loading Resistors Sliding Resistors. 


Birch) 


REGISTERED TRAOE MARE 


H. A. BIRCH & CO. LTD. 


WOOD STREET, WILLENHALL, STAFFORDSHIRE 

Tetephone WILLENHALL 494° 495 - Grams WILOHM WILLENHALL 

LONDON OFFICE: 1-5 NORTHOLT ROAD, HARROW, MIDDLESEX 
Telephone : BYRON 5120 
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lyzer 
We GW G Anat FRA2 


%* BANDWIDTHS: 2, 25 and 125 cps. 
* 3 microvolts to 400 volts. 
% Oto 16 kc. 


% SIMPLIFIED AND STABLE INITIAL ADJUST- 
MENT AND BALANCING. 


aikies Ge 


A new, improved Wave Analyzer with outstanding 
features: 


% Spurious responses and harmonics are suppressed by 
80 dB. 


%& Selectivity: the response of the 2 c/s bandwidth is 
40 dB down at +20 c/s, 60 dB down at +40 c/s, and 
remains more than 100 dB down further from the 
centre frequency. 

%& 1500 cps output available for a recorder (provisions 
for mechanical coupling as well). 


%& Type FRA2T, a special design with built-in Tone 
Generator (0 to 16 kc), simplifies selective measure- 
ment of frequency responses and recording of 
intermodulation phenomena. Remote control of 
output. 


ACCURACY: 0.5 dB 

HUM: 2:volts 

NOISE: Below 2,volts 

MAIN DIAL: 0 to 16 kc, accurate within 0.5°,, +1 cps 


INCREMENTAL DIAL: 0 to + 60 cps, direct 
reading 


Write for complete information 
Radiometer offers a line of 50 different instruments such as 
AF OSCILLATORS 


R-L-C BRIDGES 
SIGNAL GENERATORS 


VACUUM TUBE VOLTMETERS 

WAVE ANALYZERS 

ELECTROCHEMICAL 
INSTRUMENTS 


Write for descriptive literature from:- 


RADIOMETER 


72 Emdrupvej, Copenhagen NY-3, Denmark 


Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.I9 


ELECTRONIC ENGINEERING 
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LIGHT SPOT GALVANOMETERS 





fap 
a 
| | > | 

. ae 











2 a. 


The World’s best 
Galvanometer for 
PERFORMANCE 


RELIABILITY 
i aa 





} 30 660 Py Ae 
CLERe! Bas 









Incorporate these exceptional indicating galvanometer in your 
instrument panels—vacuum, high-voltage and many other 
similar measurements. 


Technical Details 


@ Scale lengths—150 or 300 mm. 

@ Sensitivity—Down 2 10-5 uA/mm. 

@ Robustness—Shock, vibration, and overload proof. 

@ Linearity—better than 1%. 

@ Exceptional liquid damping using the famous Schlumberger— 
Picard, galvanometer elements. 

@ Multi-range models available. 

@ Mains transformer incorporated for light source. 


U.K. Agents 


Dobbie McInnes 
(ELECTRONICS) LTD 


55, Kelvin Ave., 
4, The Mount, 


Hillington, Glasgow. Ha 
Guildford, § 2y. Guild] 


Ifway 3364 
ord 66385 





Bench Models “ VERISPOT ’’ a'so available 
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FREQUENCY METERS 


SIZES : 2}” to 8° 
UP TO 5000 CYCLES 





PROMPT DELIVERY 





also the new SYNCHROSCOPE and Phase 
SEQUENCE METER both up to 5Kc. 


and full range of Switchboard instruments 
Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 
HILLINGTON GLASGOW 











LEWISPOINT HOLDINGS LTD 


118, LANCEFIELD STREET, LONDON W.1I0 
Tel.: LADbrooke 6069/0534 


MANUFACTURING 


P.O. 3000 Type Relays to P.O., A.I.D., R.C.S. and R.C.L. 
specification. Standard Maximum Coil Resistance 80000 
ohms finished as Standard. Subtropical or Fully-tropicalised. 
Contacts 300 M.A. to 10 Amps. 


PRODUCING 


Associated Relay Electronic Equipment, incorporating Sheet 
Metal Work from our own workshops. 


EXPERTS 


in Alarm and Guard Units, Time Control, Chart Recorders 
and Heat Units. 


TECHNICAL ADVICE 


Qualified engineers with 25 years’ productive, practical and 
application experience. 


PRICES 


Very competitive. Quotations by request. 


DELIVERY 


Prototypes prompt. 
Quantities on application to Sales Engineers. 
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est © 
quency respons® 


at pm 


solved... 


neatly 


= 


Messrs. X. wanted this special type 
of transformer. . . with the help of a 
Fortiphone specification sheet (on the 
left), and our vast experience, his 
exact requirement was provided in 
only a few days. 







Enquiries to: 


ORTIPHOWNE .1p 


TRANSFORMER DIVISION, (Dept. 2) 


92 MIDDLESEX STREET, LONDON E.1 
Bishopsgate 087] 
*VISIT OUR RETAIL SALES COUNTER AT 92 MIDDLESEX STREET 














Actual size 





Dry Reed Relay Insert 


A gold-plated relay contact hermetically sealed 
in inert gas for absolute reliability, high speed 
and low contact bounce. 





maximum current ..... 250mA 
maximum resistive load... 15 W 
maximum closed resistance 50 mQ 
minimum open resistance 5 x 104%.Q 

















release time less than......... 0.5 mS 


nominal operate ampere turns . 120 AT Our Technical Service Department 
nominal release ampere turns.. 60 AT 
operate time less than........ 2mS is ready to provide further details 
bounce time less than........ 0.5 mS 


of characteristics on application. 








Hivac limited 


A member of the Automatic Stonefield Way + South Ruislip - Middlesex 
Telephone & Electric Group Telephone: Ruislip 3366 
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POLYPENCO FLUON* 





* Trademark of Imperial Chemical Industries Limited for their polytetrafluoroethylene resin. 


**POLYPENCO” FLUOROCARBON TFEE shapes are made from virgin polytetrafluoroethylene resins and are renowned throughout the world for quality, thus ensuring 
minimum waste, dependable ‘‘in-factory’’ production and reliable finished products. Ten years experience in processing quality PTFE products ensures absolute 
reliability. You can utilise the unique properties of this outstanding material by contacting us today. Deliveries from stock or at short notice are our speciality. 


We extrude and mould Polytetrafluoroethylene resins in a wide range of sizes in rods, tubes, tapes, thin wall electrical sleeving and bushing stock to close tolerances 
and in long lengths. Polypenco rod is available in lengths up to 8 feet ex-stock and to 1/2 feet by special order for machining on automatics. Chemical and electrical 
parts are also manufactured to customers’ requirements. Send for leaflet listing the available shapes and sizes. 


A.R.B. & A.I.D. approved. 


RORTPRRCD LED. O77" moe oes canes cry, wears 











Wilkinsons TUBULAR 









for EK Zi L AYS P.O. TYPE 3000 a Se 
3/2 “a L 
BUILT TO YOUR SPECIFICATION ) aenives onan PMS a 


InG 


Contacts up to 8 changeover seveETS / Pp 


% quid 
K 
+ Keep PRICES 


KEY SWITCHES 


ALL TYPES 
UP TO 
4CO /6CO 


VEEDER-ROOT MAGNETIC COUNTER General purpose 
type with zero re-set. 800 counts per minute up to 999999. 48 volt D.C. 
55/- post 2/6. 

RACKS—POST OFFICE STANDARD. 6 ft. high with U-channel 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock. 
VARIABLE TRANSFORMER 230 volts A.C. 50/60 cycles. Output 
infinitely variable from 0-270 volts 9 amps. Brand new £15 carr. 12/6. 


RESISTORS EX STOCK IN QUANTITY WIRE WOUND, | 
HIGH STABILITY CARBON ETC., BEST MAKES AT LOWEST | 
POSSIBLE PRICES 


QUANTITIES & CALLERS rs WRITE FOR 
AVAILABLE WELCOME LISTS 


L. WILKINSON (CROYDON) ‘LTD. Bec 









ls e—7inis hes 





a) 
~ ¥ 





-19 LANSDOWNE RD. CROYDON SURREY 


Phone: CRO 0839 Grams: WILCO CROYDON | 
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MINIATURE 


PLO EN \ \ a 


METER »mobé 220 
DESIGNED TO SAVE SPACE ON MODERN EQUIPMENT 


ACTUAL SIZE 





UNIQUE! 


TECHNICAL ADVANTAGES APPLICATIONS 
Centrepole Meter—Magnetically Tape Recorder level meter. 
shielded. ‘S’ Meters. 


High torque to weight ratio. Output Monitors. 


Stick free operation. PROTOTYPES Indicators. 

Minimum panel space. Control Panels. 

Maximum readability. QUICKLY Completely transistorised assemblies. 

Very robust—shockproof jewels. SUPPLIED Multi-channel Installations. 

Transparent case—shadowless readings. Computor Circuits. 

Horizontal or vertical mounting. Null Indicators. 

Light weight. and scores of other 

Ranges from 20uA. applications. 
Very competitive prices Write for full details 
TAYLOR ELECTRICAL INSTRUMENTS LTD. 
MONTROSE AVENUE - SLOUGH - BUCKS Tel: SLOUGH 21381 








UHR ~ \ 


HPQ | 


. 


Virrcosi L 


FUSED. QUARTZ 


FOR SEMI-CONDUCTOR WORK 


Yl 
WWW 





ll 


7 
> 


CRN niimaiaieall 


High purity fused quartz (H.P.Q.) boats, 
crucibles and tubes are available for 
preparation of hyper-pure silicon. They 
have an exceedingly low content of boron, 
aluminium and other elements detrimental 
to semi-conductors. 
We also manufacture an extensive range of Vitreosil Industrial Ware 
THE THERMAL SYNDICATE LTD. 
P.O. Box No. 6 


WALLSEND, NORTHUMBERLAND 
Telephones: Wallsend 6-3242/3 


LONDON : 
9, Berkeley Street, W.1 
Telephone : Hyde Park 1711/2 
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This illustration is 
actual size 


* Also available, the pre- 

cision built 
TYPE HA2500 

providing —_ exceptionally 
high law accuracy without 
cam correction. Range 100 
to 100,000 ohms. 
Law Accuracy (Absolute) 
+0.25% or +0.10%. 
Full details in Data Sheet 
No. 100. 


GD6I 


Introducing... 


ADDITIONAL TO THE RELIANCE 


RAN G E& 


This latest addition to the Reliance range of Potentiometers has been designed 
to conform with specification DEF-5121 style RVW 7 & 8 (formerly RAC.RAD) 
and is fully sealed with integrally constructed moulded cover. A commerical 
unsealed version, with identical characteristics is also available. Both types 


can be supplied in ganged form. 


BRIEF SPECIFICATION 


RESISTANCE RANGES 


Linear Law A...... 5 to 100,000 ohms 
Laws B—G......... 50 to 50,000 ohms 
Non-inductive ...... 50 to 10,000 ohms 


(Ayrton Perry) 


RESISTANCE TOLERANCE 
Standard ...... over 100 ohms + 5% 
under 100 ohms + 10% 
Also available (at extra) with tolerance 
to +1% and linearity to within + 1%. 





ROTATION 
Electrical Effective ............... 280° +5° 
0 ee 290° +5° 


MAXIMUM WORKING VOLTAGE 
Between spindle and 


TE  citnecsses 


eeonbonpateans 1,000 V.d.c. 


Full technical details and dimen- 
sional drawings in Data Sheet No. 
9 available on request. 


RELIANCE MANUFACTURING CO. (SOUTHWARK) LIMITED 
SUTHERLAND ROAD - HIGHAM HILL - WALTHAMSTOW : LONDON E.17. Tel: Larkswood 1118/9 



















The 
ENGLISH 
GLASS CO. LTD. 


EMPIRE ROAD 
LEICESTER 
Phone 23481/2 


S | 
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PRECISION 
GLASS 
MOULDERS 


FOR 





ELECTRONIC ENGINEERING 


25 YEARS 








“@Q-MAX” 
UN 








CHASSIS 
CHES 


toy ao 8 
Patent No. 619178 
and Patents pending 


SOLE LONDON 
DISTRIBUTORS of 


ELCOM 


MINIATURE MULT!- 

WAY PLUGS AND 
SOCKETS 

A full range of connectors from 


2 to 33 way, proven in use by the 
electronic industries of the world 





TWO NEW SIZES 





FOR 
ELCOM 
PLUGS & SOCKETS 

11/16" square .... 27/6. 


21/32” x 15/16” rectangular 35/- 


Full list on application 








40 Page FULLY ILLUSTRATED CATALOGUE of Electronic 
and Hi-Fi Equipment free on application 














ERRY' 


re fo 


25 HIGH HOLBORN, LONDON, W.C.I. 
Tel.: HOLborn 6231/2 
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pdelae SUB-MINIATURE, MINIATURE, STANDARD TYPES & SIZES 
* 








RESIN 
ENCAPSULATED 


* 


OPEN 
AND CANNED 
TYPES 


* 
IMPREGNATED 
* 


TRANSISTOR 
TYPES ETC. 


. ¢ 
j 
A.1.D. THE BELCLERE COMPANY 






























ITED 
iad APPROVED 171, COWLEY ROAD, OXFORD Phone : Oxford 43431/2 Cables: Belclere Oxford 
=| © I, i @ Nf * 
S of 
|LTI- 
AND © eLC. COPPIAR 
rs from 
ey RODS, BLANKS AND 
ani lilustration by kind permission of 
The M.O. Valve Company Limited 
s MACHINED 
PARTS 
TS 


FOR TRANSMITTING, 
INDUSTRIAL AND 
SPECIAL VALVES 


anOMas THOMAS BOLTON & SONS LTD, 
BOLTON Head Office: Mersey Copper Works, Widnes, Lancs. Tel: Widnes 2022 
cw London Office & Export Sales Department: 168 Regent Street, W.I 
cvs-s3t SONS S Telephone: REGent 6427. 
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A service for Designers 


The possibility of a component change—due to shortage of supplies, in- 
creased costs or failure to meet specific conditions —is a problem facing 
every designer of electronic equipment. However, one basic component can 
be ‘tailor - made’ from the start, for LAB will supply the precise type of 
Resistor required, ex stock and at the right price. Write for full technical 
data, prototype samples and price schedules to :— 



































THE RADIO RESISTOR CO. LTD., 
50 ABBEY GARDENS, LONDON, N.W.8. 
Telephone: Maida Vale 0888 











| 
CARBON | WATTS | OHMIC | TOLERANCES 
RANGE | £ 
1. Solid $1&2 | 10-10M 5% & 10% 
2. Cracked 1/30—20 | 1i—SOOM | 5% & 10%, 
3.*High Stability 1/10--3 I—SOM 0.5% 1% 2% 5% 
4. Variable va ve } 5K—2M | i 
5. V. High Resistance | }—3 50M—I0" | 5% & 10° 
6. V.H.F. (Rods & Discs) /10o—1 =| 101K | 1% & 2° 
WIREWOUND 
4. Rheostats ... den 4—500 10—80K — 
8. Vitreous .. | 3-500 | I—I50K 1% 2% 5% 
7. Cemented ... oe | |} 1—25K 1 5% & 10% 
9. Metal Oxide ane }—2 | 100—4.2m. | 1% 2% 5 











* The ubiquitous blue (1°) grey (2°,,) ‘‘HISTABS”’ 


Do you KNOW 36 YEAR 
THAT Cracked Carbon Resistors (2) are 8 
more economical in the +5% range 
than Solid Carbon. 
THAT the sub-miniature '/,,th watt unit (2) 
is probably the smallest production 


Resisto ' made. 


ve a 33 There is certain to be 
THE LEXOR DIS BOARD SOMETHING OF INTEREST! 


For Power Extension and Expansion Everywhere 





7 














to you among the following items from our stocks. 


SELSYNS for remote torque transmission 

MAGSLIPS for remote indication, power control and computers 

IPOTS for electrical computers. 

SINE COSINE POTENTIOMETERS AND RESOLVERS for 

electrical resolution 

VELODYNE MOTOR GENERATORS for servo control 

SERVO MOTORS AND AMPLIFIERS 

BALL AND PLATE UNITS for integration and variable speed drives 
STANDARD AMPLIDYNES AND METADYNES for remote contro. 

COMBINATIONS MAINS/BATTERY (12v) SUPPLY UNITS for mobile equipment 


Full Literature and Price List from:— - 
Servo and Electronic Sales Ltd. 
LEXOR ELECTRONICS LIMITED 1, Hopton Parade ,Streatham High Road, London, S.W.16. Streatham 6165 
ALLESLEY OLD ROAD Technical Dept: 43, High Street, Orpington, Kent. Orpington 31066 
COVENTRY WRITE FOR DATA SHEETS TO-DAY! 


EX-STOCK 
DELIVERY 
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Precision— 

















CABINETS - CHAS 
P. D. OVERELL 


& CO. LTD. 
WINDMILL ROAD - HAMPTON HILL - MIDDLESEX. 
Tel : Molesey 287 
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East 307h23 
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- aa LIGHT IN WEIGHT—SIMPLE TO OPERATE— VERSATILE 

ype o 

hnical Make checks in situ at different locations with varying problems, quickly and easily 
with this new Multimeter. Just plug-in the appropriate transducer, set the 6-position 
selector switch and read off pressure, tension, load, strain or displacement on the 
directly calibrated scale. In addition, recording or control can be carried out and the 
instrument is provided with an electrical output for this purpose. 

3 
SPECIFICATION 
Energising supply : 5.0 v.; Max. current 200 mA ;Frequency | Kce’s; 

—_ Electrical output + 0.15 mA full scale into 1,500 ohms load ; 

s Mains supply 200-250 v. 50 c/s; Dimensions 15” x 9” x 6” deep; Weight (approx.) 20 Ib. 

Why not write us for full details of the new Multimeter and our new type 
transducers? All are specially designed to simplify testing. 
A SELF-CONTAINED 
PORTABLE SYSTEM 

7 OF INSTRUMENTATION 

sd p BOULTON PAUL AIRCRAFT LTD... WOLVERHAMPTON. 

oe 

death” : 
for 


ives 


uw “‘m rn I ™ 
bo {Ove 
a JODER> Ne 
gs . You will find Woden Transformers 
specified for reliability on precision 
instruments of every type. 
Rigid construction and careful assembly 
* bs combine to guarantee absolute reliability 
wooen Rj ; throughout many years of service. 


TRANSFORMER 


ero great wo “~~ FE J Catalogues available on all 
ane SSE types of transformers. 
the Bleck ie feces 








details 








Woden cast resin trans- 
formers were specified for 
the Melrose a. 
Heart and Lung Machine 


MOXLEY ROAD 


VA on 0 ae en a GO DILTON - STAFFS 
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FOR PHOTO-CONDUCTIVE AND PHOTO-VOLTAIC CELLS 








The MERVYN 


SPECTROMETER 
AMPLIFIER 


& CHOPPER UNIT 


Especially designed for use with 
the photo-conductive cells now 
becoming available, the Mervyn 
SPECTROMETER AMPLIFIER 
is completely self-contained, needing no 
separate power unit. 

The overall gain available is 120 dB and 
the phase and frequency sensitive princi- 
ple of detection combined with variable 
band width from half to twenty cycles, 
deal adequately with a wide range of 
signal-to-noise ratios. 

The chopper unit and reference signal 
generator are supplied with the equip- 
ment and the output is sufficient to 


Further information from Dept. SA/5 


MERVYN INSTRUMENTS 


ST. JOHN'S WOKING SURREY. Telephone: Woking 5200 








drive a standard 3,000 ohm, 2 milliamp 
pen recorder. 

In addition to its use with photo- 
conductive cells for which polarizing 
potentials and loads are built in, photo- 
voltaic types can also be employed and 
the circuitry is designed to allow the 
maximum flexibility in operation. Differ- 
ent input arrangements and chopping 
frequencies can be supplied at small 
extra cost. 
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ROTATES OR RECIPROCATES 
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HIGH GRADE TEST GEAR 
BRITISH & AMERICAN—FULLY REBUILT 


“@” METERS—Type TF.886A. Frequency range: 15-170 Mc/s. 
Type TF. “ong * raat range: 50 Kc/s to 50 Mc/s. Both by Marconi 
Instruments L 
a SIGNAL + CENERATOR—Type 84 by Boonton. 
range: 300-1 000 Mc/s. 3 cm. Slotted Line Equipment, type TS.12 
complete. 6-7.2 cm. Signal Generator by S.T.C. 10 cm. Signal Generator 
by Boonton Type*TS14. Twin ‘‘T’’ R. F. Bridge type by General Radio Co. 
@ VIDEO — 140A, by Boonton. Frequency 
range: 20 c/s to 5 
@ PHILIP VALVE. MILLI-VOLTMETER—Type 6016. asueney 
range: | Kc/s to 30 Mc/s. Ten full scale ranges 3mV to 1,000 volts. 

@ AIMEC VALVE VOLTMETER—Type 712. Beat Frequency 
Oscillator Type 195L/4 by Marconi Instruments. Frequency range: 
10 c/s to 150 Ke/s. 

WAVEMETERS—TS-509-UR, Absorption Type 90/400 Mc/s. 
No battery or mains required. G.R. Type 724B, 16 Kc/s to 50 Mc/s. 
Type T.E.149 by R.C.A., 200 Kc/s to 30 Mc/s. Type 69A.P., 300-1,000 Mc/s. 

Send for new list and let us have your enquiries. 


LESLIE DIXON & CO. Dep. k. 


214 Queenstown Road, Battersea, London, S.W.8. MAC 2159 


Frequency 
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MECHANICALLY OR 
ELECTRICALLY 
COUNT ON 

: 

° 

5 

oo 

eee 

20) COMPANY LIMITED 

MILLTOWN ST., RADCLIFFE 
Nr. MANCHESTER 
TELEPHONE: RADCLIFFE 2675 

0 

















C 5327 
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THE ONLY 


SUB-MINIATURE 
“3000 TYPE” RELAY 


The Hopwood—Par 
Type P3relayalthough 





miniature, retains 
every possible feature 
of the “3000 Type” 


plus ceramic insulation 
and hermetic sealing. 


It can have up to 6 poles; twin 
or HD contacts and tags for 


Made in England PRINTED CIRCUITS. 






D. ROBINSON and COMPANY 
AR Mee 4°), 1918), me ie) V8) HOUNSLOW, 


Tel: HOUnslow 6266/7 & 8338 
WRITE FOR LIST E.! 








MIDDLESEX 
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Specialists in the manufacture of Wirewound Potentiometers for over 
30 years. COLVERN LIMITED are the foremost producers of these 
components in the United Kingdom. 

The extensive range of types in constant production eomprises: 

+ po nog Wirewound Potentiometers a zr to 15 watts 

ra a4 
7 pb complete range of 7 “‘wirewound eotentiemmetere and 


resistors conform to British Joint Service 
Specifications RCS/121 and RCL/121. | 








+ comprehensive range of Pr Potenti: ters, 
Helical and Sine/Cosine types, man incorporat- 
ing the exclusive COLVERN Cam-correction le 


TYPE CLR4201 
SEALED Seerecee. POTENTIOMETERS 
under extreme climatic 
conditions rr” to meet the requirements of 
British Joint Service Specifications R RCS.121. The 
potentiometer is housed in a mineral filled mould- 
ing, and geen poe ay: bya — back cover ood 
neoprene e-bush assem! 
ONFORMS TO ORITISA. TT ERSER UIC 
SPECIFICATIONS RCS.121 AND RCL.121 
STYLES RAC-RAD(CLR 4239), F RAF 
(CLR.5§237) NUMIDIFY CLA: 


OTENTIOMETER 


Type CLR.26/00 MULTI-TURN Helical Potentio- 
meter has been developed primarily for mechanical drive 
and use in servosystems. Supplied in the popular 10-turn 
version, or with any number of turns in the helix from 3 to 
20, standards being 3-5-10-15 and 20 turns. The precision- 
ground stainless steel shaft is mounted in ballraces — 
a smooth torque of 1-1} oz./in. and the mac =| 
duralumin base has a locating spigot true with the shaft. 
SPECIFICATION: 
e Rating: 0.4 watts per turn. e Resistance Range: 
10Q-10kQ. per turn. 
e Resistance Tolerance: Standurd,is%. Best 
Practical,+1%. 
e Absolute Law Accuracy: Std.,+0.25% 10- 
Spec.,+0.1% J turn 
Max. Working Volts Spindle/Track 1000V D.C. 
Effective Resistance Angle Tol.:+1°. @ Max. 
Starting Torque: 1} oz./in. 
Min. Angle between Taps: 90 
Max. Ganged Sections: 2 


TYPE CLR. pres 

CAM CORRECTED 

——_ developed for sy Gunnery Equi 

ment Potenti the 

most p.. R.. eandeaneue in quantity 

duction. In addition to y fr in ~< 

tronic Computing it is an ideal instrument for 

use as a laboratory standard. 
SPECIFICATION: 

e Rating: 10 watts. e Resistance Range: 

ro00]l-150kQ. e Resistance Tolerance: 

Standardi+s5%. Best Practical,+1% 

Absolute Law Accuracy: +0.04 

Max. Working Volts Spindle/Trac 

roooVD.C. e Effective Resistance 

Angle: 315° +.25° —o°. 

360° cont. e Max 

Starting Torque: 8.5 oz/in. 

Min. Angle between Taps: 10°. 

Max. Ganged Sections: 4. 























COLVERN LTD., SPRING GONS., 


RO M al) R D Telephone ROMFORD 62222 ESSEX 


Telegrams & Cables COLVERN PHONE ROMFORD 








DECEMBER 1959 183 


For their Zebra 


Information Process 
Division of STANDARD 
TELEPHONES & CABLES 
use Woods fans for 
cooling purposes. 


Short casing 
Aerofoil fans, 
3.8”, 4.8", 6” and 
8.5” diameter. 
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USEC 


WOODS 
fans 


computer, the 





FOR ELECTRONIC EQUIPMENT WOODS OFFER 


Long casing 
Aerofoil fans, 
in 11 sizes from 
6” diameter. 


Centrifugal fans, 
23”, 3”, 44” and 
7” diameter. 








May we send you Specification Sheets? 


WOODS OF COLCHESTER LTD 
Braiswick Works, Colchester, Essex. Colchester 5111 


Fan manufacturers since 1909 


An associate company of The General Electric Co. Ltd. of England 


ELECTRONIC ENGINEERING 
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Manufacturers of all types of =m 


INSTRUMENT CASES 
and CHASSIS i: ai meracs 













GENERAL SHEET METAL WORK 








and at LEEDS 





Partridge transformers are good. But, 
with more than 25 years experience 
behind them in the making of the 
highest quality transformers you would 
naturally expect Partridge to make the 
best. 


The range of types, applications and 
mounting styles is wide, and new and 
better types are continually being added. 


A prototype service is also main- 
tained and one of our engineers 
can be at your desk to discuss 
your requirements within a few 
hours of a telephore call. Proto- 
types can generally be suppiied 
within seven days. 


Feartridye 


TRANSFORMERS WITH A PLUS 


Roebuck Road, Chessington, Surrey 
Telephone: ELMbridge 6737-8 





Sole U.S. Representative: 
. GAL, 

258 Broadway, 

New York 7, N.Y. 
Tel: WOrth 2-5485 
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TRADE’ FAVOURITES 


CO-AXIAL PLUG TYPE CPI 


©@ Easy assembly © Strong Structure 
® Perfect connection 














AERIAL SOCKET TYPE CS3 //- 

® Completely insulated with new [f 
polythene shield 

Meets B.S.415 Pin Test 

specification 

Robust construction 

Trouble-free long life 





PANORAMA RADIO CO 


73 WADHAM ROAD, PUTNEY, LONDON, S.W.15 Telephone: VANdyke 5300 





YOU are invited to apply for a 
copy 1959 illustrated 


brochure and price list which gives 


of our 


{f. 


full details of our wide range of 


QUARTZ CRYSTAL UNITS 


which are renowned for their 


Accuracy & Reliability 


VUNNUUUTUUUEUTUN DEEL 


THE QUARTZ CRYSTAL Company Ltd. 


Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
" Telephones: MALden 0334 & 2988 Grams & Cables: Quartzco, New Malden 
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SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


COPPER AND RESISTANCE WIRES. 
“MANGINSAX"’ — GENUINE MANGANIN 
ENAMEL, SILK, RAYON COVERED. 


P.V.C. POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS’’. THERMOCOUPLES, etc. 


THE SAXONIA ELECTRICAL WIRE CO. LTD. 


Contractors to the Admiralty Wer Office Air Ministry 


ROAN WORKS, GREENWICH S.E.10 
Grams: “SAXONIST LONDON” Phones: GREenwich 3713/4 
“GREENWICH CABLES & FLEXIBLES” 


Trade Mark 
established 1895 
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“ SPINIATURE”’ 





PLUGS, SOCKETS, 
AND 
SOCKET STRIPS 


SUB-MINIATURE 


i] 


SPEAR ENGINEERING CO. LTD. 
WARLINGHAM - SURREY 
Tel: Upper Warlingham 2774 
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plating of 












production facilities for 


conGacts b a 
bright silver and 


hard gold plating 











TELEPHONE : COVENTRY 73159 


PRECIOUS METAL DEPOSITORS LTD HEARSALL LANE COVENTRY 

























SYNTHETIC RESIN BONDED LAMINATE 





brings you 


MATERIAL SOLUTIONS 


to your 


CURRENT PROBLEMS 


. . . because the range of PIRTOID Paper and 
Fabric base laminates affords all the machining 
qualities needed with consistent uniform dielec- 
tric and mechanical strength. Read this 
booklet, sent gladly on request. 





H. CLARKE & CO. (MANCHESTER) LTD 


Atlas Works : Patricroft - Manchester 


Telephone Nos. ECCLES 530!-2-3-4-5 
dm CK4 
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small capacity 
Injection Moulding Machines 


The APM Company are specialists in the field of small capacity thermo- 
plastic moulding machines for experimental work, small production 
runs, Educational and Laboratory work and small component mouldings. 





Our new range of machines include :— 


APM 22 — redesigned 3/4 oz capacity, hand-operated machine 

with interchangeable cylinders and a selection of vices. 

APM PORTABLE —a completely portable injection moulding 
machine of new design for jointing, sealing, riveting and plugging on site. 
APM 28 —New 1 oz capacity hydraulically operated machine 
capable of 200 shots per hour at pressures up to 20,000 Ib/sq. in. 


ADAPTER UNITS — Pneumatic or hydraulic adapter units 
to convert the APM 22 and APM 21 machines to power operation. 


For literature and prices write to: 
ASMIDAR PLASTIC MOULDING MACHINES LIMITED, 


10 Tachbrook Street, London, S.W.1. Tel: ViCtoria 5554 
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MICROWAVE INSTRUMENTS 











L—Band Signal Generators 
S—Band Variable Attenuators Grade | 
C—Band Variable Attenuators Grade 2 
X—Band Terminations Grade | 
J—Band Short Circuits Grade | 
K—Band Wavemeters Grade | and 2 


Q—Band Standing Wave Meters Grade | 
O—Band Co-ax. Waveguide Transformers 
Directional Couplers 


Power Meters 





Klystron Power Supplies 


Selective Amplifiers AT LAST, a sensible Diode Tester at a sensible price, small 

yet robust and packed with practical ideas. 

* Will test all semi-conductor diodes, including Zener 
types. ; 

Co-ax. Klystron Cavities * The diode, once connected, need not be touched until 

its complete characteristics have been taken. 

D.C. RANGES COVERED: 


Slide Screw Tuners 


Harmonic Generators 


*% Current: 5 amps to 50 micro-amps full scale. Voltage : 
FLANN MICROWAVE INSTRUMENTS LIMITED 3 volts to 1200 volts full scale. Full scale indicator lamps 
9, Old Bridge Street, Kingston-on-Thames reduce reading errors, give increased safety. 


* Both voltage and current ranges can be tailored to 


Tel.: KI 7217 groeP : 
ie male individual requirements. 








Electronics by our associate Company, MICROTEST LIMITED ‘Phone Walton 21302/3 or write for full specifications to 
of the same address R. E. THOMPSON & CO (Instruments) LTD 
HERSHAM TRADING ESTATE * WALTON-ON-THAMES * SURREY 

EE 16 243 for further details EE 16 244 for further details 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 6d. per word. Minimum charge, 12s. Box number, 
2s. extra, except in the case of advertisements for ‘‘Situations Wanted, when it is free. 
Specially Spaced Classified—42s. 6d. per single column inch. 


Display Classified—Full Page, £64 (based on specially spaced classified rates). 


Half Pages, Quarter Pages and 


Eighth Pages pro rata. Copy dates: With proofs, 5th of preceding month. Without proofs, !0th of preceding month. 


Blocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., ‘Electronic Engineering,” 28, Essex Street, Strand, London, W.C.2. 








OFFICIAL APPOINTMENTS 





ASSISTANTS Leger ah a Pensionable posts 
for men or women at least 17} and normally under 
26 on 1.1.59 with appropriate educational or technical 
qualifications (normally G.C.E. with passes at ‘O’ 
or a. level in 4 distinct subjects including English 
and a scientific or mathematical subject, 

or Oo. -C., or equivalent qualifications) and at 
least 2 years” experience in either: (i) engineering or 
physical sciences, or (ii) chemistry, bio-chemistry or 
metallurgy, or (iii) biological sciences, or (iv) geology, 
meteorology, or skilled work in laboratory crafts 
such as glass-blowing. Starting salary (men) from 
£320 (at 174) to £530 (at 25 or over). Maximum 
(London) £690. Promotion prospects. 5-day week 
generally. Write Civil Service Commission, 17 North 
Audley Street, London, W.1. for application form, 
quoting $59/59. Closing date 31st a 
678 


ASSISTANT SUPERINTENDENT ENGI- 
NEER (Studios) required by Sierra Leone Govern- 
ment Broadcasting Department on contract for two 
tours of 18-24 months each in first instance. Com- 
mencing gross salary according to experience im 
scale £1,210, rising to £1,528 a year. Gratuity at rate 
15 per cent of total salary drawn. Outfit allowance, 
£60. Children’s allowances, £48-£288 a year. Free 
passages for officer, wife and three children under 
18 years. Liberal leave on full salary. Candidates 
should have attained sound theoretical knowledge 
up to at least City and Guilds Radio III, and hold 
the necessary certificates indicating success in 
examinations for each stage of training. They should 
be conversant with mains wiring circuits and practice 
and be thoroughly competent in use of hand tools 
and test instruments. Write to the Crown Agents, 
4 Millbank, London, S.W.1. Stage age, name in 
block letters, full qualifications and experience, and 
quote M2A/50820/EK. W 3655 


BRADFORD INSTITUTE OF TECH- 
NOLOGY. Principal, E. G. Edwards, Ph.D., 
B.Sc., F.R.I.C., Department of Electrical Engineer- 
ing. ‘Applications are invited for the post of Reader 
in Electrical Engineering. This rapidly expanding 
department offers exceptional opportunities for 
teaching, consulting and research work. Candidates 
should possess the qualifications and experience to 
direct research and post-graduate work. Importance 
will be attached to industrial and research experience. 
Adequate facilities will be given to undertake research 
and suitable technical assistance and equipment will 
be provided. Staff are encouraged to develop 
industrial contracts and to undertake consultant 
work in industry and may —_ —- paid for such 
work. Salary scale, £1,800 to per annum. 
Previous industrial or oh Bay experience at a 
suitable level will be taken into account in fixing the 
commencing salary. Further particulars and forms 
of application may be obtained from the Registrar, 
Bradford Institute of Technology, ean 2656 


BRADFORD INSTITUTE OF TECH- 
NOLOGY. Principal, E. G. Edwards, Ph.D., 
B.Sc., F.R.I.C. Applications are invited for the post 
of Lecturer in Electrical Engineering. Candidates 
should be well qualified and industrial and research 
experience would be a recommendation. The appoint- 
ment is essentially for work in Telecommunications 
and Electronics, and the successful candidate will be 
required to teach to final degree standard in these 
subjects. The successful candidate will be en- 
couraged to undertake research and adequate 
facilities and equipment will be available. Salary 
scale, £1,370 to £1,550 per annum. Previous 
industiial or research experience at a suitable level 
will be taken into account in fixing the commencing 
salary. Further particulars and forms of application 
may be obtained from the Registrar, Bradford 
Institute of Technology, Bradford, 7. W 3657 
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BRADFORD INSTITUTE oo reseneOey 
Principal: E. G. Edwards, Ph.D., B.Sc., F.R.1.C. 
Applications are invited for the post of Technician 
in the Electrical Engineering Laboratories. The 
principal duties of the person appointed will be the- 
maintenance and repair of apparatus, setting up of 
laboratory experiments and lecture demonstrations 
and the testing of instruments. A knowledge of 
electronics would an advantage. Applicants 
should preferably oe a Final Certificate of the 
City and Guilds of London Institute in appropriate 
subjects or an Ordinary National Certificate or other 
ions or experience. Salary Scale, 
£465 to £650 per annum, with efficiency bars at 
£525 and £590. Commencing salary according to 
qualifications and experience. Further particulars 
and forms of application may be obtained from the 
Registrar, Bradford Institute of Technology, Brad- 
ford, 7. W 3681 





GOVERNMENT OF NORTH BORNEO 
Electrical Engineer, Public Works Department. For 
duty as Government Inspector under the Electricity 
Ordnance; organizing and managing a small repair 
workshop for domestic and other electrical equip- 
ment, the servicing of such equipment and the 
investigation, design and construction of small 
electrical installations. Contract appointment for 
three years in salary range £1,386 to £2,324 per 
annum, with gratuity payable on satisfactory com- 
pletion of contract. Outfit allowance, child allow- 
ance, free passages. Quarters at low rent. Generous 
home leave. Candidates, over 28 years, must be 

.1.E.E. or possess qualifications exempting them 
from the Institution’s examinations, with at least 
five years’ practical experience in rural and urban 
distribution systems and repair and service of 
domestic and light industrial electrical equipment, 
especially air-conditioning equipment. Write, 
Director of Recruitment, Colonial Office, London, 
S.W.1, giving full names, age, qualifications and 
experience, quoting BCD112/21/018/D4. W 3666 


MIDDLESEX COUNTY COUNCIL Educa- 
tion Committee. Brunel College of Technology, 
Woodlands Avenue, Acton; W.3. Applications are 
invited for two posts of Senior Lecturer in Electrical 
Engineering. A special interest and experience in the 
field of Electrical Measurements, Automatic Control 
or Electrical Power Engineering would be an 
advantage. Candidates must be graduates and 
should be corporate members of the Institution of 
Electrical Engineers with experience in industry, 
teaching or research. Teaching duties are in con- 
nection with the Diploma in Technology and post- 
graduate courses; research is encouraged in the 
Department. Salary within the range £1,588-£1,801 
(men) ood annum. Application forms and further 
particulars are obtainable from the Principal (s.a.e.), 
to whom completed forms should be returned within 
14 days of the date of this advertisement. W 3661 


MIDLANDS ELECTRICITY BOARD. Second 
Assistant Engineer (Communications) required in 
the Chief Engineer’s Department at Board Head- 
quarters. Duties will cover work in connection with 
the design, development, operation and maintenance 
of wired and radio communications and control 
systems, together with work on other associated 
electronic equipment. Technical qualifications 
desirable. Salary within range £1,180-£1,445 per 
annum, according to qualifications and experience 
(N.J.B. 4AXEX). Superannuable. Apply, by letter, 
within 14 days, stating age, experience, present 
position and salary, to F. W. Cater, Secretary, 
Midlands Electricity Board, P.O. Box No. 8, 
Mucklow Hill, Halesowen, Nr. Birmingham. 

W 3663 


PHYSICS TECHNICIAN REQUIRED for 
work on high voltage accelerator. Knowledge of 
Electronics and Vacuum Technique an advantage. 
Salary commensurate with qualifications and 
experience. Applications, giving full details of 
experience and qualifications, together with the 
names of two referees, should be sent to Administra- 
tive Officer, R.B.U. Medical Rsearch Council, 
Harwell, Berkshire, quoting Reference See seer 
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MINISTRY OF AVIATION requires technicians 
at Chessington. Surrey and Malvern, Worcs, to 
prepare technical publications on guided weapons, 
radar and electronic equipment. Quals. eo agg 
engineering apprenticeship or equiv. trai 
appropriate trade. Experience in one of elds 
referred to above essential. Previous experience of 
writing or editing technical publications an advan: 
H.N.C. or equiv. desirable. Salary £1,065—£1, 300 
p.a. (Chessington). £1,005—£1,220 p.a. (Malvern). 
Forms from Ministry of Labour, Technical 
Scientific Register (K), 26 King Street, London, S.W. ; 
quoting D 548/9A. Closing date 15th January, yo 


NEW ZEALAND—Air Department. Position: 
Superintending Engineer (Radar), Wellington. 
Salary: From £1,400 to £1,700 a year with maximum 
at any point. "Qualifications desired: Corporate 
member of the Institute of Electrical Engineers. 
Duties: Responsible to the Chief Radio Engineer 
for planning, procurement, installation and trials of 
rimary radar and related electronic equipment for 
fw Zealand aviation. Sea passages to New Zealand 
for the appointee and his family, if any, will be 
arranged and paid for by the Department. In 
addition a generous allowance will be given towards 
thec ost of transporting personal effects. Enquiries, 
mentioning this publication and quoting reference 
number B11/3/2, should be addressed to the High 
Commissioner for New Zealand, 415, Strand, 
London, W.C.2, who will supply further details and 
application forms. Completed applications to be 
lodged in London not later than 31 December, 
1959 W 3682 


PATENT EXAMINERS AND PATENT 
OFFICERS. Pensionable posts for men or women 
for work on the examination of Patent applications. 
Age at least 21 and under 28 (35 for Examiners), 
with extension for regular Forces Service and 
Overseas Civil Service. Qualifications: Normally 
First or Second-class Honours Degree in Physics, 
Chemistry, Engineering or Mathematics, or equiva- 
lent attainment, or professional qualification, e.g., 
A.M.LC.E., A.M.LMech.E., A.M.LE.E., > F of 
London salary (men), £655 to £1,460; provision for 
starting pay above minimum. Promotion prospects. 
Write, Civil Service Commission, 17 North Audley 
Street, London, W.1, for application form, Carr | 
$128/59, and stating date of birth. 


SOUTH - EAST ESSEX TECHNICAL 
COLLEGE & SCHOOL OF ART, Longbridge 
Road, Dagenham. Required as soon as possible: 
Lecturer for City and Guilds | a 
Technicians Courses, 
Studies, Light Current subjects for H.N. "oF (Electrical 
Engineering) and Radiocommunications for Part III 
Grad. I.E.E. Candidates should have a good 
honours degree in physics or electrical engineering, 
with teaching and/or industrial experience. Salary 
(men) within range £1,408 to £1,601 per annum, 
depending on training, qualifications and previous 
experience. Details and forms (stamped, addressed 
foolscap envelope) from the Clerk to the Governors. 





THE INSTITUTE OF LARYNGOLOGY AND 
OTOLOGY (University of London), 330-332 
Gray’s Inn Road, London, W.C.1. Applications 
are invited for a post of Electronics Technician in 
the Otological Investigation Unit. The work includes 
the construction and of e for 
research into hearing and allied subjects. Applicants 
should have had practical experience of the con- 
struction of prototype electronic apparatus and have 
some knowledge of circuit design. Salary on scale 
£790 x £20 to £870 per annum with superannuation 
provision. Applications with the names of two 
referees, should be sent to the Secretary as soon as 
possible. W 367 
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THE UNIVERSITY OF MANCHESTER. 
There are vacancies at the Jodrell Bank Experimental 
Station for Instrument Makers and Electronic 
Technicians to work on the instrumentation of 
British Artificial Satellites. Salaries to be negotiated 
according to rates applicable in these trades. 
Applications should be sent to The Director, Jodrell 
Bank Experimental Station, Lower Withington, 
Macclesfield, Cheshire. 





SITUATIONS VACANT 





A REWARDING CAREER. Frustrated Elec- 
tronics Engineers looking for a new form of self- 
expression are invited to join an expanding 
Organization with several branch offices engaged in 
the preparation of technical publications for industry. 
Essential qualifications are experience in one or more 
of the following fields: Radar Systems, Microwave 
Circuits, G.W. Systems, Pulse Circuits, Computors, 
together with a good general standard of education. 
Initial basic salary ranges from £750-£950 per annum 
plus cost-of-living allowance. The positions offer 
unlimited scope for advancement. You are invited 
to attend an informal interview in London or Man- 
chester. Application form and detail of employment 
from Technivision Limited, Braywick House, nr. 
Maidenhead, Berks. W 1258 


AS A RESULT of the recent association 
between Airmec Limited and British Communications 
Corporation, considerable expansion of both 
Companies is intended in the following fields:— 
Instruments and Test Equipment; Industrial 
Electronics and Automation; Radio Communica- 
tion Equipment including man packs, mobile and 
fixed station equipment in the H.F., V.H.F. and 

-H.F. bands. Applications are therefore invited 
from the following: Engineers, preferably having 
experience in one or more of the above fields and a 
Degree in Engineering; Technical Assistants, 
preferably with a H.N.C. or equivalent; Draughts- 
men and Designer Draughtsmen. Experience in 
Telecommunications or Light Electrical equipment 
preferred. These are staff appointments with a 
Superannuation Scheme in operation and a com- 
mencing salary in accordance with qualifications and 
experience. Excellent canteen and working con- 
ditions. Accommodation available for single persons. 
Write or telephone for appointment to the Personnel 

fficer, Airmec Limited, High Wycombe, wae 
(High Wycombe 2060). W 3649 


A TECHNICIAN is required at A.E.R.E., 
Harwell, to be responsible for the manufacture, 
testing and modification of all types of control 
instrumentation circuitry for reactor experimental 
equipment. Applicants should have served a 
recognized Engineering apprenticeship or have had 
equivalent training and have experience of one of 
the following :—Methods of controlling and recording 
temperatures; Calibration and testing of recorder/ 
controllers ; Relay circuitry techniques; contract 
working, testing and inspection. Possession of 
H.N.C. would be an advantage. Salary, £905 (at 
age 30)- £1,085 per annum. Housing and super- 
annuation schemes. Please send a post-card for 
application form to Group Recruitment Officer 
(5009/42), U.K.A.E.A., A.E.R.E., Harwell, Didcot, 
Berks. W 3653 


DEVELOPMENT ENGINEER of H.N.C. 
standard with experience in the design of Audio 
Equipment required in South West London area: 
some knowledge of relays and methods of remote 
control would be an advantage. Pension Scheme. 
Write giving full = of experience, quali- 
fications, to Box W 1233 


ELECTRONIC ENGINEERING 


AN ELECTRONIC ENGINEER required 
for technical and administrative duties in an expand- 
ing Division of Company in S.W. London manu- 
facturing industrial electronic equipment including 
magnetic amplifiers. Applicants should be aged 25 
to 40 and qualified to at least H.N.C. standard. Good 
starting salary and prospects of advancement to 
suitable applicant. Pension Scheme in operation. 
Write, full details of qualifications and experience, to 
Box W 1254 


BRITISH MAN UFACTURE AND RESEARCH 
co., LTD., have vacancies for men with initiative, 
in each of the following grades: (1) Electrical 
Development Engineers: Graduates, age 25 to 35, 
to undertake the development of advanced electro- 
mechanical control equipment in the laboratory 
and in the field and to carry out technical liaison with 
associated companies in Britain and abroad. Know- 
ledge of basic servomechanism theory desirable. 
(2) Junior Circuit Designers/Draughtsmen: H.N.C. 
or equivalent, to carry out control circuit design in 
drawing office and laboratory under the guidance 
of a senior engineer. Pension/superannuation 
scheme, canteen, sports and social facilities available. 
Written applications with full particulars, including 
age, qualifications, experience, and salary ired 


ELECTRONIC DEVELOPMENT ENGI. 
NEERS. Vacancies exist for Research and 
Development Engineers to work in a well-equipped 
Laboratory on Transistor Amplifiers, Data Com- 
puters and Instrument Servos. Candidates should 
hold a University Degree or equivalent. Some 
practical experience is desirable but not essential. 
Apply in writing, giving full particulars, to S. G, 
Brown Limited, Shakespeare Street, Watford, Herts, 

W 1238 





ELECTRONICS RESEARCH LABORATORY 
STAFF. Senior qualified Electronics Engineers of 
Degree or Higher National Certificate standard are 
required for interesting work in connection with a 
number of projects in the field of electronics, 
including the application of transistors to television 
and similar equipment. Applicants must have 
suitable academic qualifications and experience in 
laboratory procedure. They will normally be 
expected to be able to handle a project from its 
inception to its final conclusion. Box W 340. 








ELECTRONIC TECHNICIAN; H.N.C. with 
Electronics or exceptional practical experience; 





to Chief Engineer, B.M.A.R. Co., Ltd., Grantham, 
Lincs., quoting ref.: B5/ELE. W 342 


DEVELOPMENT ENGINEER with some 
experience of digital computer techniques, 
transistorial pulse circuits and magnetic storage 
systems is required urgently by a rapidly expanding 
unit situated in pleasant country in the South 
Midlands. The work is interesting in a new field of 
development ; opportunities are excellent and con- 
ditions good. Salary, £700-£1,000 with Superannua- 
tion Scheme. Apply Box W 3660. 





DRAUGHTSMEN. 
Northampton (The Atomic Energy Unit of the 
Plessey Group), wish to appoint Electronic Draughts- 
men in connection with their development work in 
atomic measurement and control. This work will 
absorb imagination, interest and technical ability. 
An H.N.C. in Electronic Engineering or equivalent 
qualifications, together with experience in the design 
of electronic apparatus, are desirable, but those less 
well qualified will be considered. The posts offer 
much scope and the remuneration is good. Applica- 


Plessey Nucleonics Ltd. 


tions in confidence to the Personnel Manager, 
Weedon Road, Northampton. W 3627 


ELECTRICAL OR ELECTRONIC ENGI- 
NEER, age 25-35 with Degree or H.N.C.(Elec.), 
required for interesting design and development 
work on R.F. Induction Heating and special machine 
tool equipment. Attractive salary depending on 
qualifications and experience. Apply to Chief 
Designer, Delapena & Son Ltd., a Road, 
Cheltenham, Glos. W 1256 


ELECTRO-ACOUSTICS. Senior Appointment 
exists for an Engineer experienced in the design of 
acoustical measuring equipment. Applicants should 
have qualifications up to Degree standard and be 
capable of actively progressing projects from original 
conception to the production stage. Apply, giving 
full details of experience, qualifications and salary 
required, to Chief Engineer, Dawe Instruments Ltd., 
Ealing, London, W.5. W 3665 


ELECTRONIC COMPONENTS ENGINEER 
required to head section d and ing 
components to exacting specifications. ~ Sound 
technical training plus a practical outlook is required 
together with initiative and drive to overcome 
problems and meet tight schedules. Rapidly ex- 
panding company offers good salary and exceptional 
opportunities for advancement. Box 9. 
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e and operation magnetic playback 
systems; geophysical field or playback experience an 
advantage; Hayes-Orpington area. Box W 3674. 


ENGLISH ELECTRONIC ENGINEER with 
established business in Melbourne seeks contacts in 
U.K. with view to representation in Australia. 
Particular interests in instrumentation and com- 
ponents. Write: Box 2365V. P.O. ne Street, 
Melbourne, Australia. 1222 


FOR A FURTHER expansion programme—tThe 
Research and Development Establishment of 
Aeronautical & General Instruments Limited, 
105/107, Lansdowne Road, Croydon, require 
Senior Electronics Engineers who should be qualified 
at least to Higher National Certificate level and/or 
have had a wide and varied experience of present 
day electronic technique. Some of these posts are 
for Senior Staff appointment and carry with them a 
non-contributory pension scheme. All a oe 
in the first instance to be in writing to the a 

address. Ww 1261 


FREE-LANCE Translators required by West- 
End Agency—specialising in technical and scientific 
translations for industrial purposes. Please state 
languages, qualifications, experience, fees required 
(per 1,000 words of original text), availability. 
Box W 3684. 


INSTRUMENT ENGINEER required by 
the United Kingdom Atomic Energy Authority, 
Production Group, at the Nuclear Power Station 
under construction at Chapelcross, Annan, Dum- 
friesshire, Scotland. The station consists of Nuclear 
reactors supplying steam to conventional generating 
equipment with normal auxiliary plant and a cart- 
ridge cooling pond. Responsibility will be to the 
Senior Instrument Engineer and duties will include 
the installation servicing and testing of nuclear 
physical, electrical pneumatic, health physics 
instrumentation computers and industrial television 
equipment. Duties may also include design and 
installation of instrumental schemes for plant 
modifications and extensions. A service is also pro- 
vided to the Technical Department which includes 
responsibility for the design and installation of 
instrumentation and control schemes for experimental 
rigs. Applicants must be corporate members of a 
Senior Engineering, Institution or have equivalent 
qualifications. A Degree in Engineering, Physics or 
similar subjects may be an advantage. Previous 
experience of the servicing and calibration of a wide 
range of physical and electronic instruments and 
control of staff is essential. Training in nuclear 
aspects of the work will be given if necessary. Salary 
within range £1,345-£ 1,800 according to qualifications 
and experience. Contributory Superannuation. 
Staff Housing Scheme. Send postcard to Works 
Secretary quoting Reference P.108/J43. for appli- 
cation form. Closing date, 14 December, 1959. 

W 3668 





CLASSIFIED ADVERTISEMENTS 
continued on page 190 








DECEMBER 1959 





ENGI. 
rch and 
equipped 
ata Com- 
es should 
it. Some 
essential, 
to S. G. 
rd, Herts, 

W 1238 


LATORY 
gineers of 
ndard are 
on with a 
lectronics, 
television 
ust have 
rience in 
mally be 
from its 
40. 


Cc. with 
“perience; 
playback 
7 an 


ER with 
ontacts in 
Australia. 
ind com- 
th Street, 

W 1222 


ume—The 
ment of 
Limited, 

require 

: qualified 
el and/or 
f present 
posts are 
h them a 
plications 
he above 
W 1261 


y West- 
scientific 
ase state 
required 
ailability. 


red by 
.uthority, 
r Station 
n, Dum- 
f Nuclear 
enerating 
d a cart- 
ye to the 
ll include 
* nuclear 

physics 
television 
sign and 
or plant 
also pro- 
includes 
ation of 
erimental 
vers of a 
quivalent 
hysics or 
Previous 
of a wide 
ents and 
| nuclear 
y. Salary 
ifications 
inuation. 


NTS 


1959 


EE 16 245 for further details 


electrical 
components 


Our long experience in the design and manu- 
facture of electrical components enables us to 
offer a wide range of products which will 
meet with the many requirements of the 
electronic industry today. 





Our technical advisory service is available to 
assist in the design of any special item of 
equipment. 





Illustrated above is a selection from our range of miniature 
bobbins, transformers and chokes. 





On the left is an astatic wound A.F. screened line transformer 
with windings encapsulated in epoxy resin. The insulation 
of the ‘line’ winding provides isolation against voltages 
of 30 KV RMS. 








cruren 8Y 


cosine SO WHITELEY ELECTRICAL RADIO CO. LTD. 
a MANSFIELD - NOTTS - Telephone: MANSFIELD 1762-5 








TEMPERATURE Weston model S110 form 34 


Resistance Bulb with 


Here is Pyrotenax Cable version of 
commen the widely used WESTON air filled Resistance 
> Bulb. It has a working temperature range 


of -100 to +250°C, and has many outstanding 
features. 







The cable is pliable and can be fed through 
gently curving channels. 








* The Pyrotenax Cable is heat resistant—this enables 
the bulb to be used where high temperatures extend 
beyond the point where measurement is made. 


— 
The cable is made in standard lengths of 12’, but can be \/ 
shortened by simply cutting and re-sealing by the normal 


Pyrotenax method. This makes it easy to use, and production 
standardization has considerably reduced the selling price. 


Full details are given on List W55/2 which is available on request. 





SANGAMO WESTON LTD -« ENFIELD - MIDDX 4 
Phone: Enfield 3434 (6 lines) and 1242 (6 lines). Grams: “‘Sanwest’’ Enfield. O 
London + Glasgow - Manchester - Newcastle-on-Tyne + Leeds + Liverpool + Wolverhampton + Nottingham - Bristol Southampton 
swi97 
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LOUIS NEWMARK LTD. have the following 
vacancies at their Development Laboratories at 
New Addington, Croydon. An _ Engineer or 
Assistant Engineer, with H.N.C. or equivalent, and 
experience in the Light Electrical, Electronics, 
Electro-Mechanical or Aircraft Electrical fields, to 
work on the development installation and flight test 
of automatic pilots for helicopters. An Engineer or 
Assistant Engineer, with a Degree or H.N.C. in 
Light Electrical or Mechanical Engineering and 
relevant experience, for design and development work 
on small mechanisms and electro-mechanical devices. 
Pension Scheme. Apply, in writing, giving full par- 
ticulars to Personnel Officer, Louis Newmark Ltd., 
Prefect Works, Purley Way, Croydon, a. 


MEDICAL RESEARCH COUNCIL have a 
vacancy for a Technician at the Rheumatism Research 
Unit, Canadian Red Cross Memorial Hospital, 
Taplow, nr. Maidenhead, Berkshire, to assist in the 
development of electrical and hanical ding 
apparatus. A practical and theoretical knowledge o 
electronic and mechanical engineering is essential. 
Salary in the range £535 to £655 per annum. National 
Health Service Superannuation Scheme. Applica- 
tions stating age, qualifications and experience, 
together with copies of three recent testimonials, to 
Mr. T. A. Pywell at the above address. 673 





OVERSEAS Oil Exploration Company with 
world-wide seismic parties, offers permanent career 
to Electronic Technicians. Work consists in main- 
taining and operating electronic recording equip- 
ment under field conditions. Live generally in camp. 
Qualifications: H.N.C. or equivalent essential, with 
practical experience in Electronics. Home leave 
every two years. Box W 347. 





PRECISION ELECTRONICS. The parent 
company of an industrial group, of international 
repute in the instrument engineering field, invites 
applicants for the following appointments in the 
Electronics Laboratory of its Development Depart- 
ment in West London. 1. Senior Engineer, with a 
degree or equivalent, and sufficient initiative to 
direct a team developing equipment from original 
idea to production design. Starting salary up to 
£1,250 p.a. according to qualifications. 2. Engineer 
or Technical Assistant, with degree or H.N.C., and 
good practical ability. Starting salary up to £950 p.a. 
For both posts considerable experience of L.F. 
electronics, including some knowledge of servo 
systems, is desirable. The appointments are pension- 
able and removal expenses would be refunded. 
Write, giving full details of age, qualifications and 
experience to Chief Engineer, Box W 3683. 





PRODUCTION ENGINEER required for resis- 
tor components. Adequate training and wide 
experience of modern techniques covering methods, 
time study, quality control and production efficiency. 
These qualifications, together with drive and deter- 
mination to get results, can lead to a very attractive 
career in an expanding company. Rivlin Instruments 
Limited, Doman Road, Camberley, Surrey. Tel. 
Camberley 2507 and 2508. W 1260 


REQUIRED for rapidly expanding Electronics 
factory, making electronic valves, transistors and 
semiconductor devices. Technical Assistant for 
valve production. Qualifications: Degree or H.N.C. 
in Chemistry, Physics or Electronics and/or experi- 
ence in development. Apply to Box W 3650. 


SENIOR DEVELOPMENT ENGINEER 
(Television Receivers) required for important 
appointment in a rapidly expanding organisation. 

‘ighest security and excellent prospects with ample 
scope for initiative. A sound theoretical knowledge 
and good practical experience are essential. Senior 
Test Engineer required for new works producing 
television and radio transmission equipment. The 
successful candidate must be capable of formulating 
test applications and procedures for a variety of 
equipment, and —— the work of a group of test 
engineers. Applicants for the above appointments 
should write to Staff Appointments, British Relay 
Wireless Ltd., 1-7 Croft Street, South Bermondsey, 
S.E.8. W 1253 


ELECTRONIC ENGINEERING 








RESEARCH IN ELECTRICAL ENGINEER- 
ING. Brookhirst Igranic Limited, now the biggest 
single manufacturer of electrical control gear in the 
Country, are engaged on a programme of research 
into the development and application of new indus- 
trial control methods having particular reference to 
Semi-conductor and kindred techniques. The 
Research Department is located at Chester, and 
vacancies exist for the following posts: Research 





TECHNICAL ASSISTANT required for Patent 
Department of an international organisation with 
offices in London. A sound knowledge of electronics 
and experience of British patent practice essential 
and some knowledge of French and/or German an 
advantage. Good salary consistent with knowledge 
and experience with Pension Plan. Please write 
giving full particulars of knowledge and experience 
to Personnel Manager, Box E.334, W.P.S., Thavies 
Inn House, Holborn Circus, E.C.1. W 3677 





Engineers. Research Physicists. Honours graduat 

in electrical engineering or physics are preferred. 
Previous experience in control engineering is useful, 
but not essential. Design Draughtsmen. Men of 
sound technical ability with experience in the design 
of prototype equipment from experimental models 
are preferred. Laboratory Technicians. Laboratory/ 
drawing office experience would be an advantage. 
The minimum technical standard required is O.N.C. 
Salaries will be commensurate with experience and 
qualifications. Assistance towards the cost of 
removal to Chester will be given to successful 
applicants. Company benefits include a contributory 
pension and life Assurance Scheme. Applications 
should be made on a form which can be obtained 
from the Personnel Officer, Brookhirst Igranic 
Limited, Northgate Works, Chester. A Member of 
the Metal Industries Group of Companies. W 3675 





SENIOR DEVELOPMENT ENGINEER 1rz- 

quired by well-known Radio component manu- 

facturers near London. Experience essential in 

pick-up cartridge and associated audio component 

a Write, giving age and experience to Box 
1262. 


SENIOR ELECTRONIC ENGINEER roe 
quired for development work on a range of laboratory 
and industrial instruments for measurement and 
control of physical or chemical variables. New 
laboratories, now under construction, offer all modern 
facilities. Applicants must hold a University Degree 
and have experience in electronic instrumentation, or 
related field such as analogue comruting elements, 
d.c. amplifiers, servo mechanisms, and should have 
an interest in methods of display and recording of 
data including digital techniques. The position calls 
for ability to control a small group of engineers, and 
involves responsibility for projects from their con- 
ception until satisfactory production is achieved. 
The Company is situated entirely in Cambridge where 
technical facilities are available from other companies 
of the Group. Apply to the Head of Research and 
Development Laboratories, Messrs. W. G. Pye & 
Co. Ltd., Granta Works, Newmarket Road, 
Cambridge. W 1255 


SENIOR ELECTRONIC ENGINEERS ‘re- 
quired by Research Laboratory situated in South 
Wales Area to assist in design and development of 
specialised electronic apparatus. The work is of an 
interesting nature allowing full scope for initiative. 
Applicants should be to degree standard or equivalent 
and preferably possess experience in Pulse Techniques 
and Transistorised Circuitry. A vacancy also exists 
for an Electro Mechanical Design Draughtsman 
with experience of servo Mechanisms and general 


THE ELECTRONICS DIVISION of 
Ferguson Radio Corporation has the following 
vacancies for work on design and development 
projects in the pulse generation, telemetry and data- 
processing fields. Senior Engineers: Experience in 
the pulse and digital field, a knowledge of transistor 
circuit engineering, and the ability to apply and 
develop advanced circuit techniques and to supervise 
junior staff are essential. Development Engineers: 
H.N.C. or equivalent and at least two years’ experi- 
ence in pulse techniques is required. Some knowledge 
of transistor circuits would be an advantage. Junior 
Engineers: At least one year’s experience in elec- 
tronics is required. These posts offer an excellent 
opportunity of acquiring experience in the develop- 
ment and application of up-to-date techniques and 
there is ample scope for originality and initiative in 
this branch of a well-established Company. Applica- 
tions, giving full details of education and experience, 
should be addressed to The Personnel Manager, 
Ferguson Radio Corporatian Ltd., Great Cambridge 
Road, Enfield, Middlesex. W 3664 





THE GENERAL ELECTRIC COMPANY’S 
Telecommunication Group in Coventry is expanding 
its activities in connection with digital computors 
This expansion has created vacancies for: (1) 
Development Engineers to join a team working on 
the development of test gear for testing a tran- 
sistorized digital computor and to develop and 
evaluate circuits for new machines. (2) Logica 
Designers to create the design of new computors and 
to develop fault detection and location techniques. 
Positions are available at salaries from £750 to 
£1,350 per annum. Candidates who feel that they 
have the right qualifications and enthusiasm for the 
above vacancies should apply, giving full details, to 
Personnel Manager, General Electric Co. Ltd., 
Copsewood, Coventry. W 3652 





TWO YOUNG ENGINEERS are required 
for development work on transistorized communica- 
tions equipment. A good educational background is 
necessary, together with keenness and initiative. 
Some knowledge of transistor applications and some 
previous industrial laboratory experience would be 
advantageous. Good starting salaries will be paid to 
the right people, and the Division is expanding 
rapidly, so that opportunities for promotion are 





aptitude in design and development of Mech 
Systems. Write giving full particulars of experience 
and salary required to Box W 1263. 


SERVO MOTORS. Sales Engineer required 
with good knowledge of Selsyn and other Servo 
motor work. Working knowledge of German an 
ad ge. Suitabl ppli eligible for non- 
contributory Pension Scheme. Full particulars to 
Box W 1252. 








TEXAS INSTRUMENTS LIMITED. Due to 
continued expansion several vacancies have arisen 
in the Quality Assurance Department. For these 
posts previous experience in the semi-conductor 
field is desirable but not essential; those with the 
following qualifications are invited to reply: (1) 
Graduates in the physical sciences or electrical 
engineering. (2) Applicants with previous experience 
in process control or quality control generally. 
(3) Applicants with experience on environmental 
and life testing or the evaluation of components. 
Prospects of advancement are excellent. Applicants 
should write, giving chronological details of quali- 
fications and experience to date, quoting reference 
No. 64/8, to the Personnel Manager, Texas Instru- 
ments Limited, Dallas Road, Bedford. W 3680 


The Company will assist in obtaining 
lodgings for single men. Applications, giving details 
of age and experience, should be sent to the Personnel 
Manager (E.120), Murphy Radio Limited, Welwyn 
Garden City, Herts. W 3672 





SITUATIONS WANTED 





GRADUATE ENGINEER, age 25, 4 years 
years’ experience with transistors in industrial 
electronics, radio, and pulse circuitry, seeks position 
involving technical liaison with manufacturers 
in this country and abroad in semi-conductor 
applications. Working knowledge of French. 

Box W 1257 
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Audio 
power 
output 
transistors 


TYPES XC141 and XC142 


These germanium p-n-p alloy junction transistors are designed for use in Class A and 
Class B power output stages of audio frequency amplifiers. Full particulars of 
these and other Ediswan Mazda semiconductor devices will be sent gladly on 
request. If you wish to be kept up to date with the latest developments in 
this field, please ask us to add your name to our semiconductor mailing list. 





MAXIMUM RATINGS (Absolute Values) XC141 XC142 
Peak collector to base voltage (VOIts)..........ccccscscsssssssseunveevssnneensesen peso — 40 — 60 
Peak collector to emitter voltage, emitter non-conducting (volts) — 40 ~ 60 
Peak collector to emitter voltage, emitter conducting (volts) te: a ~ 32 
D.C. Emitter to base voltage (Volts) ......esseeccccssccseeeeeeeeeesseeee -12 - 12 
Peak collector current (amps) Cae a eee - 3:0 — 3-0 
D.C. Collector current (amps) 22.0.2... ce + = - 15 
Collector dissipation (mounting flange temperature 80°C) (watts) w- 4 11 


EDISWANSEMICONDUCTORS 


M A Z D A Valve CRT and Semiconductor Department, 155 Charing Cross Road, London, W.C.2. Tel: GERrard 8660. . 
CRCI$/§ 
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WANTED 





COPIES OF ELECTRONIC ENGINEERING 
for March, August and September, 1958, and 
February and March, 1959. Good price given for 
complete issues. Box Ww 3625. 


WANTED. Marconi TF.329G Circuit Magnifica- 
tion Meter (Q Meter). Write, stating price and con- 
dition to Wireless Telephone Co. _ Hallamgate 
Works, Crookes Road, Sheffield, W 3659 





SERVICE 





ELECTRONIC ENGINEERS to the Industry. 
Production with 100% inspection. Radio-Aids 
Limited, 29 Market Street, Watford (25988), Herts. 

W 349 


EXTRA PRODUCTION FACILITIES: Skilled 
workers + floor space + expert supervision = extra 
production facilities for you. See page 172. 

W 3495 


METALWORK. All types cabinets, chassis, racks, 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, Loughborough. 

W 341 


PRODUCTION CAPACITY. Lexor Electrogics 
Limited have quantity production capacity available 
for electronic equipment and microwave assemblies. 
All inquiries to Allesley Old Road, Coventry. 
W 345 


EDUCATIONAL 





CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send for our 148-page handbook— 
FREE and post free. B.I.E.T. (Dept. 337c), 29 
Wright’s Lane, London, W.8. W 316 


THE COLLEGE OF AERONAUTICS. Two 
Year Diploma Course, 1960-1962. Applications are 
invited from suitably qualified men and women who 
wish to enrol for the Two-Year Diploma Course 
which begins in October 1960. This post-graduate 
course in Aeronautical Science and Engineering, is 
intended primarily for University Graduates in 
Engineering, Science, or Mathematics, for Technical 
College Students who possess a good Higher National 
Certificate or Diploma and have appropriate in- 
dustrial experience, and others with equivalent 
qualifications. The curriculum includes the subjects 
of Aerodynamics, Aircraft Design, Aircraft Eco- 
nomics and Production, Aircraft Electrical Engin- 
neering, Aircraft Materials, Aircraft Propulsion, 
Flight and Mathematics. All applications will be 
considered by the Board of Entry which may call 
candidates to attend at the College for written 
entrance examination in Engineering, Physics, 
Mechanics, and Mathematics, to be held on Monday, 
21 March 1960. Exemption from this examination 
will normally only be given to candidates pos~-ssing 
First- or Second-Class Honours Degrees in Science 
or Engineering, or reading for Honours Degrees. 
The Board may also require attendance for personal 
interview at a later date. Candidates who possess 
Bachelors’ Degrees with First- or Second-Class 
Honours in Aeronautics, and also in Science or 
Engineering if they have adequate post-graduate 
experience, may at the discretion of the Board of 
Entry be accepted for entry to the second year of the 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and building radio apparatus—“‘as you 


learn”’. Free Brochure from: Dept. EE 10. 
Radiostructor, 46, Market Place, ae, 


MIDDLESEX COUNTY COUNCIL  Edv- 
cation Committee, Twickenham Technical College. 
A Course of ten lectures on Printed Circuit Tech- 
niques will be held on Wednesday evenings com- 
mencing on 3rd February 1960. The lectures will be 
given by specialists from industry and will include 
aspects of design and production of printed circuits 
primarily for the electronics industry. The applica- 
tion of the basis techniques to other fields of 
engineering will also be discussed. A brochure 
giving further details is available from The Principal, 
Twickenham Technical College, Egerton Road, 
Twickenham, Middlesex. Telephone : Popesgrove, 
7676 W 3658 


T.V. AND RADIO—A.M.Brit.L.R.E., City & 
Guilds, R.T.E.B. Certificate, etc., on “NO PASS— 
NO FEE” terms. Over 95 per cent successes. For 
details of Examination and Home Training Courses 
(including practical apparatus) in all branches of 
Radio, T.V. and Electronics, write for 148-page 
handbook—Free. B.L.E.T. (Dept. 337H), 29 Wright’s 
Lane, London, W.8. W 187 





FOR SALE 





GUARANTEED MAGSLIPS at low prices, 3in 
Resolver No. 5 (AP 10861), 50v. 50c/s. Unused, 
each in tin, 35s. post 2s. 1d. Large stocks of these 
and other types.—P. B. Crawshay, 94 Pixmore at 
Letchworth, Herts. Tel.: 1851. W 321 





CAPACITY AVAILABLE 





course and qualify for the Diploma (D.C.Ae.). 
Further information about the course and forms of 
application, which must be completed and returned 
not later than Saturday, 27 February 1960, may be 
obtained from The Warden, The College  # Aero- 
nautics, Cranfield, Bletchley, Bucks. W 3651 


CABLEFORMS AND WIRING. Lexor 
Electronics Limited have quantity capacity for all 
types of cableforms, looms, harnesses and equipment 
wiring. All inquiries to Allesley Old Road, oer 


REMOTE CONTROL EQUIPMENT—Mag- 
slips, Selsyns, Servo Systems, etc. Consult Servo 
and Electronic Sales Ltd., Now! See our display 
advertisement on page 180 of this issue. W 3526 











SPECIAL KIND OF MEN FOR A speRY KIND OF JOB 


Degree, or equivalent, in Applied Maths. or Engineering, and if possible, 


The Sperry Gyroscope Co. Ltd., precision engineers of 
a knowledge of the Principles of Statistics. 


international repute have been entrusted with the 
development of an advanced guidance system for use in a 
missile now in its advanced stage of development. The 
work presents many intriguing and difficult problems de- 
manding considerable knowledge and ability on the part of 


ELECTRONIC ENGINEERS are required for the development of 


electronic units for the above system. 


Experience in the design and manufacture of aircraft instrumentation 
desirable. Quote RE/JDB. 


ELECTRO-MECHANICAL ENGINEERS are required for the develop- 
ment of precision electro-mechanical components and automatic 
monitoring systems. 

Degree or equivalent in Elec. Eng. or Physics and experience of one or 
more of the following desirable; precision electro-mechanical instru- 
ments, D.C. amplifiers, pulse techniques or transistor electronics. 
Quote EME/RA. 


SYSTEMS STUDY ENGINEERS are 


evaluation of precision electro-mechanical instrument systems. 


Degree or H.N.C. with endorsements to Grad. |.E.E. and experience required for analysis and 


of transistor circuit design desirable. Quote EE/AMHJ. 
Degree or equivalent in Elec. Eng. Physics, or Applied Maths. including 
Experience of one or more of the following is 


RELIABILITY ENGINEERS are required to: 


(i) determine reliability test performance. 


operational calculus. 
desirable: precision electro-mechanical instruments, analogue and/or 
(ii) critically examine instrument system design. digital computers, electronics. Quote SSE/JDB. 
(iii) organise a defect reporting system and analyse its results. Working conditions and Clean Area specifications are the best in the 


(iv) make recommendations on quality control Country. 


(v) advise designers on reliability matters: Houses for rent are available in one of the nicest parts of the Country 


(vi) liaise with customer. not far from the middle reaches of the Thames. 





Details in writing, relating to age, qualifications, experience and salaries received to Personnel Manager, 


SPERRY GYROSCOPE COMPANY LIMITED * BRACKNELL * BERKS 
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EE 16 248 for further details 








Flash Tester 
500 - 2000V A.C. 
£26.0.0 












D.C. Power Supply 







1-12V 1 Amp. = Oo 
£40.0.0 Ohmmeter r 
i 102 - 10,000MQ 






£52.10.0 













R.C.C. Bridge 
5 pf - son uf 52 - s00MQ 
£30.0.0 







Sensitive Valve Voltmeter 
3mV - 300V. 40 c/s - 500 kc/s 
£49.10.0 









/ NASHTON / 


precision measuring equipment 
means accurate economic buying 


These six models are a selection from the wide range of 
NASHTON miniaturized electronic test instruments available 
for immediate delivery. Designed by Nash & Thomson to 
meet your everyday needs accurately, efficiently and 
economically, NASHTON units are compact, modern, stream- 
lined, easy to read and operate. NASHTON give you what 
you need most—functional efficiency, not frills. 

Others in the range include the Sensitive Valve Voltmeter, 
Universal D.C. Meter, L.F. Quadrature Oscillator, 0.5 amp. 
Stabilised D.C. Power Supply, Transistor Tester, Shorted 
Turn Detector, Digital Read-Out Meter, Preferred Value 
Resistance and Capacitance Boxes. 









D.C. Valve Voltmeter 
0.1 - 1000 volts 

0.01 - T0OLA 

£58.10.0 








Write or telephone for full specifications 


Nash and Thompson... 


Hook Rise, Tolworth, Surbiton, Surrey. Tel: ELMbridge 5252 


ISP 5692 
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Research and Development Department 





RESEARCH LABORATORIES, LEATHERHEAD 


ELECTRONIC ENGINEERS or PHYSICISTS are required in the Electronics and Instru- 
ments Section for Research into radio and inductive interference. 


The work involves a study of the fundamental aspects of interference from high voltage 
plant and its effect on telecommunications circuits, and radio and television reception. A sound 
knowledge of radio wave propagation theory, aerial and receiver design is essential, particularly 


in the frequency range up to 1,000 Mc/s. 


Applicants must have a University Degree or H.N.C. 


Salaries on scales within one of the following ranges according to duties and re- 
sponsibilities: £1,195—£1,775 p.a. or, up to £1,300 p.a. 


Applications stating age, qualifications, experience, present position and salary, to the Personnel 
Officer, 24/30, Holborn, London, E.C.I., by 15th January. Envelopes should be marked ‘‘Confidential”’ 


Ref. EE/469. 














CAPO 


ATOMIC POWER CONSTRUCTIONS LIMITED 
CONTROL AND INSTRUMENTATION 





Interesting opportunities exist in the Central London 
Design Offices of the above Company for work in this 
department which deals with all aspects of instru- 
mentation for nuclear power stations. 


ENGINEER OR PHYSICIST 

An engineer or physicist is required who has a 
knowledge of nucleonics, electronics or data 
processing to assist in the investigation and speci- 
fication of instrument systems. The section deals 
with neutron flux instrumentation, flux scanning, 
burst cartridge detection and data processing. 
Some mechanical engineering experience would be 
an advantage. 


DRAUGHTSMEN 


There are vacancies for general mechanical 
draughtsmen with electrical experience. At least 
H.N.C. (mechanical) standard and 3 years design 
experience is required. 


Applications, stating age, qualifications and experience, 
should be addressed to:- 


The Personnel Officer, (Ref. 96/EE), 
Atomic Power Constructions Limited, 
P.O. Box No. 90, 

28 Theobalds Road, W.C.1. 











Hawker Siddeley Aviation 


a ee 


ADVANCEMENT - SECURITY - RESPONSIBILITY 
AT A.W.A. 


Senior Personnel are required to fill responsible openings in the new and 
challenging field of: 


INDUSTRIAL AUTOMATIC CONTROL TELEMETRY 


As a result of further expansion of Armstrong Whitworth electronic 
activities a number of senior staff appointments are open to Electronic 
and Electromechanical Engineers who wish to work on advanced projects. 


Candidates should have a good Honours degree in Physics or Electrical 
Engineering and at least 5 years experience in electronics. 


The type of man we are seeking should be capable of original thought 
tempered by the ability to drive a project through to a successfully 
engineered conclusion. 


The particular fields are:— 
High Speed Transistor Switching and Logic Circuits 
Data Transmission 
Servo Mechanisms 


Electromechanical Devices 


These appointments will carry monthly staff status and the salary will 
be commensurate with the degree of responsibility. Successful applicants 
will also be eligible for the Hawker Siddeley Group Pension and Life 
Assurance Scheme, after a qualifying period. 


Applications stating age, qualifications and experience should be addressed 
to:— 


Technical Appointments Officer, 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., 
Baginton, Nr. Coventry. 
Quoting reference: TAO/COMEL/6 
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F erranti 


Continued expansion of the 
COMPUTER DEPT. 
MANCHESTER 
has given rise to the following important and progressive vacancies 


TECHNICAL AUTHORS 


who would like to extend their experience to include the latest develop- 
ments in Electronic Computing. Candidates must have a knowledge of 
electronic engineering of at least H.N.C. standard and previous experience 
in Technical Authorship or Writing. 

(Ref. CTA) 


TECHNICAL WRITERS 


Applications are invited from Electrical or Electronic Engineers who 
would like to enter the field of Technical Writing. The successful 
candidates will be given the appropriate training and experience but it 
is necessary that they have an engineering knowledge of at least H.N.C. 
standard coupled with the ability to grasp essential principles of electronic 
and logical circuits and express themselves clearly and concisely on paper. 

(Ref. CTW) 


TECHNICAL ILLUSTRATORS 
experienced in the presentation of electronic engineering information. 
Knowledge of circuit and diagrammatic layout is required and experience 


in photographic techniques and typographic layout will be an advantage. 
(Ref. CTI) 


These appointments are concerned with the preparation of logical 
descriptions, circuit descriptions, engineering instructions, laboratory 
reports and Computer specifications, Handbooks and Manuals. 


Successful applicants will have a unique opportunity to become familiar 
with the latest digital computer engineering techniques and will work in 
close collaboration with the design teams who have already produced the 
PEGASUS, MERCURY and other outstanding computers. 


The Company has a Staff Pension Scheme and a Dependants Insurance 
Scheme. 


Forms of application can be obtained from : 


T. J. Lunt, Staff Manager, 
FERRANTI LIMITED, HOLLINWOOD, LANCS. 


Please quote reference number. 

















DE HAVILLAND PROPELLERS LIMITED 


have three vacancies for 


TRIALS ENGINEERS 


Applications are invited from men, 27 years of age or 
over, possessing either H.N.C. or degree in electrical or 
mechanical engineering, preferably with graduateship of 
one of the recognised engineering institutions and 
experience in the electronics or small electro-mechanical 
component fields. The positions entail experimental work 
on an advanced research project. In view of the fact 

that the appointments will involve detachment away from 
base and short tours of duty in Australia, single men 
would be preferred but this does not preclude applications 
from married men who are prepared to work under these 
conditions. Housing assistance may be possible at 
Stevenage. The appointments offer scope for advancement 
and carry monthly staff status. Attractive pension and 

life insurance schemes are in operation. Starting salary 
will be commensurate with qualifications and experience. 
Preliminary interviews can be arranged in London on 
Saturday mornings if required. 


Applicants should write giving details of age, qualifications 
and experience, to:— 


The Personnel Manager (Ref TB94) 


DE HAVILLAND PROPELLERS LIMITED 


Stevenage, Herts. 














Plessey | 





HF COMMUNICATION SYSTEMS 


The Company has been active for a number of 
years in the field of HF long distance communi- 
cation and expansion of its activities creates a need 
for qualified staff in project teams concerned with:- 


Transmitter and Receiver Design 

Crystal Oscillators. Frequency Synthesis 
FM, FSK, and SSB Techniques 

System Engineering 


Applications are invited for appointments as:— 


PRINCIPAL ENGINEER. For co-ordinating the 
development and design of a complete transmitting 
or receiving system, in all its aspects. An honours 
degree with at least 10 years engineering experience, 
preferably including some years as a _ senior 
engineer in the H.F. communication field, is 
required. 


SENIOR ENGINEERS. Responsibilities to cover 
the development and design of individual sections 
of the complete system under the control of the 
Principal Engineer. The basic requirements are 
graduate (preferably associate) membership of a 
professional institution with some eight years 
industrial experience, part of which should relate 
to the H.F. communications field. 


ENGINEERS. To undertake design and develop- 
ment tasks as allocated by senior engineers. 
Qualifications to degree standard are preferred, 
with a minimum of 3 years industrial experience. 


TECHNICAL ASSISTANTS. Capable of carry- 
ing out general laboratory duties. Education to 
Intermediate City and Guilds Certificate standard 
with previous experience as a laboratory technician, 
serviceman, or tester are desirable. 


It is a policy of the company to secure good men, 
and to pay them generously, in accordance with 
their achievements. The commercial success of the 
Company is due in no small measure to this policy, 
which will therefore be maintained. As _ the 
programme develops lateral expansion will cause 
new posts to be created at all levels, thus providing 
excellent opportunities for promotion. 


Applications for these posts should be addressed to: 


The Technical Manager, 
Telecommunications Division, 


The Plessey Company Limited 


Vicarage Lane, Ilford, Essex. 
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ELECTRONIC 
ENGINEER 


Required by 


WEST LEIGH LABORATORIES 
at HAVANT on the SOUTH COAST 


[Reser 


Electronic Engineers 


Senior and Junior Engineers 
STEWARTS AND LLOYDS, 
LIMITED, 


for development of quality control and process control gear. 


He should be a graduate or have an H.N.C., with electronic 


are required at the new development 
laboratories of the 

ELECTRONICS DIVISION at 

The West Leigh Laboratories, Hants 





endorsement, and should preferably have knowledge of 


industrial control equipment. The work will involve 





The new laboratories will concentrate on advanced digital techniques for 
data handling, process control and memory systems. Most of the work 
will be for lisdustrial Applications, but some special development contracts 
are included in the programme which involves considerable expansion 


development of specialised transducers and test gear and 


investigation of techniques for improving reliability of 


in the next two years. equipment. Salary commensurate with qualifications and 
The laboratories provide excellent working conditions, with first class a . 
facilities. The surroundings are pleasantly rural, but within easy reach experience. Staff Pension Fund. Good canteen and 


of Havant, Portsmouth, and the sea. Housing problems are easy either 


in the countryside or in town. Good housing prospects. 


recreation facilities. 
Engineers should have a degree or H.N.C. and some suitable experience 
in research and development work. They must be prepared and able 
to tackle a variety of problems in the realms of engineering, electronics 


and physics. Please apply, giving full details, to:— 


S&L} 


Apply in the first instance to the Regional Personnel Manager, 

THE PLESSEY COMPANY LIMITED, WEST LEIGH 
LABORATORIES, BARTONS ROAD, HAVANT, HAMPSHIRE, 
quoting reference WLL/ED/1. 


Manager/Personnel, 
Stewarts and Lloyds, Limited, 
Corby, Northants. 














DRAUGHTSMEN 
RADIO & TELEVISION 


Leading Manufacturers in the Western London Area have the following 
vacancies: 


(i) ASSISTANT CHIEF DRAUGHTSMAN 





UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY 


CTI rere £1,500 p.a. 
PRODU ON GROUP (ii) SENIOR DESIGNER DRAUGHTSMAN 
ay er reer £1,100 p.a. 


INSTRUMENT MECHANICS 


Scope and prospects in these positions are exceptional. 
(i) Initiative and enterprise in liaising with manufacturing unit; 
supplies; supervision and checking. 
(ii) Previous experience, preferably in modern T.V. chassis design 
or similar mass production equipment: alternatively experience 
in tool design and special products machinery. 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 


Good conditions. Pensions and Life Assurance Scheme. 
Saturday interviews arranged if desired. 
Please write brief details of experience, age, salary desired to: 
Box No. W 3669 





pulse amplitude analysers, counting circuits, television, and 





industrial instruments used for the measurement of pressure, 
temperature and flow. 


YOUNG 
PRODUCTION ENGINEER 


A new and rapidly expanding company in the electronics 
industry, we are looking for a young man with mechanical 
engineering bias. H.N.C. (mechanical, electrical or pro- 
duction) and knowledge of work study desirable but not 
essential if possessed of right practical experience. 

A salary of up to £1,000 p.a. will be paid for the right man 
who will be given plenty of responsibility and hard work. 
Prospects for promotion are excellent. Write giving details 
of experience, salary, age, to the: 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training in 
our Instrument School will be given to successful applicants. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion. 
prospects are good. 


Applications to:-— 


Works Labour Manager, 
Windscale and Calder or 


Works, 
Sellafield, 
Seascale, Cumberland. 


Labour Manager, 
Chapelcross Works, 
Annan, Dumfriesshire. 
Scotland. 


General Works Manager, 
Miniature Electronic Components Ltd., 
The Lye, St. Johns, Woking, Surrey. 

















ELECTRONIC ENGINEERING 196 DECEMBER 1959 








SITUATIONS VACANT (Cont'd.) 


SERVOMEX SYMBOLS 





pear. We prefer feet on the ground: we know pretty well 
— ~ what to make during the next five years and LL > 








Thin-ness is neutral: the lean and hungry type 
will suit provided its due to excess endocrine 
action. Times are hard, but if you literally can’t 
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wing buy a meal something must be wrong. 
‘il ., \f¥< Plus for a serpent, wily but flexible. Double . 
lence ( wy negative for the man who beats his head on 
g 
(CxS ‘designing’ something inherently unwantable. 
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In short, Servomex are looking for scientists/engineers with that little extra something, 
but not yet actually cranky. We have room for the mature and experienced project 
manager and for a recent graduate provided always he has the experimental method 


ies deeply ground into him, and enthusiasm. Pay? The average pay of Hons. men at 


ical Servomex seems to be £1701 p.a. and there are possibilities at all levels. Our projects 
pro- cover quite a range—‘electronics’..... rotating. machines....servo systems.... 
- chemical control and analysis. If you would like to discuss any of these..... 

_ please write (in confidence) to the Managing Director, Mr. Richard Steel, 

OrK. 

tails 


SERVOMEX CONTROLS LTD CROWBOROUGH SUSSEX CROWBOROUGH 1247 
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FOR 


RESEARCH AND DEVELOPMENT 





ELECTRONIC ENGINEER 





required to join a group engaged on the development 
of specialised Data Processing equipment. 

The work will be concerned principally with the 
development of digital devices, and calls for experience 
of (or interest in) counting and switching techniques 
and/or character recognition. 

This is a post which would interest a man with a 
degree. H.N.C. would generally be considered as 
the minimum qualification. 

The starting salary and prospects are likely to be 
attractive to those in engineering and manufacturing 
ndustries. There is a non-contributory pension 
scheme, and housing loan facilities are available in 
approved cases. Applicants, who should be below 
the age of 32 and be British by birth, should write 
giving full details of their careers including age, 
education, technical qualifications and experience to: 


THE STAFF MANAGER, 
BANK OF ENGLAND PRINTING WORKS, 
LANGSTON ROAD, 
LOUGHTON, ESSEX 
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Westinghouse 


offers 


Opportunities in U.S. 


for 


ENGINEERS & SCIENTISTS 


Very high level appointments are open to outstanding 
engineer-scientists at the Westinghouse Electronic Tube 
Division in Elmira, New York. This division contains 
large laboratory and manufacturing facilities and is located 
in the beautiful Finger Lakes district of New York State. 


We are especially interested in personnel with a detailed 
knowledge of some aspect of microwave tube design. How- 
ever, we attach more importance to the attainments of the 
individual than to his exact experience. The men we seek 
are likely to hold a Ph.D. or be near this level of academic 
attainment. Also, they should have several years of experience 
and have acquired some reputation in their field. Salaries 
will be in the range of $13,000—$17,000 per annum. 


Westinghouse gives every encouragement to advance the 
careers of its scientific staff. Close association exists with the 
microwave research group at Cornell University. 


We have many English and European engineer-scientists 
now successfully employed by us. If you are interested in 
such a career and have the necessary qualifications, please 
write in strict confidence to Dr. Hilary Moss at the Dorchester 
Hotel, Park Lane, London. Dr. Moss, English born 
Westinghouse advisory engineer, will be at the Dorchester 
to interview selected candidates during the week starting 
December 28th. 


Westinghouse 


ELECTRONIC TUBE DIVISION ELMIRA, NEW YORK 

















MUIRHEAD & CO. LIMITED 
Beckenham Kent 
require 
ELECTRONIC TEST ENGINEER 
with H.N.C. or equivalent for testing of Precision Electronic 
Instruments and Facsimile equipment. 


This is a staff appointment with ideal working conditions. 
Salary commensurate with qualifications and experience. 
A Pension Scheme is in operation and the Company has 
its own_Sports Ground. 


Written applications giving full particulars should be 
addressed to the Personnel Manager. 








JOSEPH LUCAS 
LIMITED 
GROUP RESEARCH CENTRE 


ELECTRICAL ENGINEERS 


required for research and development work on automatic control 
systems for use in nuclear energy projects. Experience in machine tool or 
process control systems desirable. Candidates should possess a degree, 
H.N.C. or equivalent, and preferably be under 30 years of age. Salary 
according to experience within the range of £750—£1,100 p.a. and there 
is a Staff Pension Fund. 


This is an excellent opportunity to join a team engaged in work on new 
and challenging applications of automatic control at the Group Research 
Centre, Marston Green, Birmingham. 


Applications should be made, in writing, stating age, qualifications and 
experience to the Personnel Manager, JOSEPH LUCAS LIMITED, 
Great King Street, Birmingham, 19, quoting reference PM/GR/321. 








PHILIPS BRIXTON WORKS 


122 Brixton Hill, S.W.2. 
SENIOR DEVELOPMENT ENGINEER 


required for high frequency heating department. Graduate 
or higher national diploma essential. Successful applicant 
will ultimately be required to control a small development 
group and allied drawing office. Knowledge of production 
techniques essential. Duties will include liaison with the 
technical commercial group and direct contact with 
customers. Minimum age 27. Applications giving full 
details should be addressed to the Personnel Officer. 











DIGITAL COMPUTERS 


Electronic Engineers or Physicists of graduate standard 
required for technical supervision of “NATIONAL-ELLIOTT 
405”’ Digital Computer Installations in London, Midlands and 
North. 

Experience in Digital Computer techniques, although an 
advantage, is not essential, as training will be provided. The 
main requirement for any applicant will be an analytical mind. 

Good salaries will be paid to suitable applicants, and 
there are opportunities for rapid promotion. 


Please apply in writing to the Personnel Manager, 


The National Cash Register Company Ltd., 
206-216 Marylebone Road, London, N.W.I. 
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REGENTONE 


TELEVISION RADIO 


TAPE RECORDING 


ELECTRONIC EQUIPMENT 


The Regentone Group of Companies offer opportunities to engineers and Technical staff in the 

laboratories of their manufacturing division. There are vacancies at all levels of seniority—all of them 

provide interesting work and wide scope to men with enthusiasm and who primarily desire to engage 

in development. Salary scales are imaginative and the organisation is young with a record of rapid 
expansion. 


SENIOR TELEVISION ENGINEER 

This post involves the co-ordination of a team of engineers, 
and a candidate of sufficient merit will enjoy excellent 
prospects. Experience of leading a small section would be 
preferable and applicants should hold at least H.N.C. The 
salary will be commensurate with the candidates experience 
and status. 


TELEVISION ENGINEERS 

Engineers with three to four years design experience in some 
aspect of TV receivers or similar field of circuitry will be 
needed to fill several posts. 


ASSISTANT ENGINEERS 

A number of opportunities exist for young engineers with a 
good basic engineering training, some industrial experience 
and having a strong inclination to radio and television work. 


TECHNICAL ASSISTANTS 

Men with a variety of experience are needed. A particular 
vacancy occurs for a technical clerk/writer to assist with 
administrative work and laboratory records. 


COMPONENT TEST ENGINEER 

A man with experience of component life testing and approval 
procedure covering both the Mechanical and Electronic field 
is needed for this aspect of the Engineering Department’s 
work, 


SENIOR TEST EQUIPMENT ENGINEERS 

Test equipment engineers are required with some years of 
experience in designing all forms of electronic test equipment 
for mass production of radio and television. Specialist 
experience of sweep generators of TV signal systems would 
be an advantage. 


MECHANICAL DESIGNERS 

These vacancies occur in the television section of the drawing 
office and call for experience of consumer product engineer- 
ing. It is not entirely necessary to have worked in the radio 
industry. The work involves dealing with sheet metal parts, 
plastic mouldings, small mechanisms, etc. 


The company offers good working conditions with up-to-date 
facilities ; rps conga scheme; canteen facilities; and 
many social activities. plications should be in writing 
but further information wat | be given by telephone. 


Write to: TECHNICAL DIRECTOR, 
RADIO GRAMOPHONE DEVELOPMENT CO. LTD., EASTERN AVENUE WEST, 
ROMFORD, ESSEX. TEL.: ROMFORD 45991 








MULLARD RADIO VALVE CO. LTD. 


New Electronic Component 


Vacancies exist for Electrical Engineers, Physicists and 


Vacancies in 


Division 


B' 








Chemists to join a new Unit which will develop moe 
electronic components for industry. 


Specific projects for which vacancies already exist include:- 
The study of advanced digital computer techniques. 
The manufacture of large fast core storage systems. 
The development of micro-miniature circuits and devices. 


The scope of the Division will eventually become very wide 
and opportunities will exist for work of a most varied nature. 


Applications are particularly invited from Honours 
Graduates under 35 years of age with experience of:- 
Computer Techniques. 
Ferrite Core Applications. 
Materials Research. 
Vacuum Evaporation Techniques. 
Transistor Pulse Circuits. 


The posts carry attractive and progressive salaries combined 
with excellent conditions of employment, including super- 
annuation and life assurance. 


The Division will be based at Mitcham in the near future, 
but in the first place applicants should write to the:— 


Personnel Officer, 


MULLARD RESEARCH LABORATORIES, 


Cross Oak Lane, Salfords, nr. Redhill, Surrey, 
quoting reference JHR. 


TOP MEN 


We have been retained to assist in making the following 
appointments which will appeal to young engineers 
who have served an apprenticeship, attained at least 
the Higher National Certificate in Electronic Engineer- 
ing or Electrical Engineering, and who are not content 
with narrow fields of interest. 


ELECTRONICS ENGINEERS 


Candidates must have had experience in the DESIGN 
of basic electronic equipment such as A.C. and D.C. 
Amplifiers, Oscillators, Bridge Networks and equip- 
ment using Transistors. Some knowledge of Servo 
Systems would be useful. The work involves the 
design and application of industrial electronic equipment 
such as servo systems, speed controls, timers, etc., 
and equipment using digital techniques to machinery in 
a field closely related to mechanical handling. 

These posts are permanent and progressive in a 
rapidly expanding field. The company operates a 
contributory pension scheme and first-class welfare 
services, and offers every encouragement for further 
education. Salary will depend on age and experience, 
but will be not less than £,1000 p.a. Applications will 
be treated in strict confidence, and should give the 
broadest possible picture of qualifications, etc. to: 


H. JACKSON & PARTNERS LTD. 
Management Consultants 
109, COLMORE ROW, 
BIRMINGHAM 3. 
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ENGINEERS 


Project Leaders and supporting Staff are required 
for the design and development of: 


ELECTRONIC DATA PROCESSING 
EQUIPMENT 
MULTIRACK MAGNETIC RECORDING HEADS 


ELECTRICAL EQUIPMENT EMPLOYING 
TRANSDUCTORS AND MAGNETIC 
AMPLIFIERS 


ELECTRO-MECHANICAL DEVICES AND 
ELECTRICAL EQUIPMENT. 


Project Leaders should possess a good honours degree 
with several years design and development experience. 


Salaries within the ranges :— 
Project Leaders: £1,300/£2,000 p.a. 
Supporting Staff: £700/£1,300 p.a. 


Group Pension Fund and Life Assurance Scheme. 


Reply in confidence to:— 


Technical Director, 


GRESHAM DEVELOPMENTS LTD., 
195 Uxbridge Road, Hampton Hill, Middlesex. 











NATIONAL RESEARCH DEVELOPMENT 
CORPORATION 


The corporation was set up under the Development of 
Inventions Act, 1948, to develop and exploit inventions in 
the public interest. 

A senior post in its ELECTRICAL ENGINEERING 
GROUP is vacant for an ELECTRICAL or ELECTRONICS 
ENGINEER or ELECTRO CHEMIST with an honours 
degree and industrial experience. 

The inventions to be handled cover all electrical and 
electronics fields except computers. 


The work is administrative in nature, the Corporation 
having no research or production units of its own. 


The man appointed will be required to maintain personal 
contact with research establishments and inventors; to 
assess the technical value of inventions or arrange for that 
assessment to be made by a consultant; and to make 
plans for their development (if necessary) and finally for 
their commercial exploitation, generally by way of licence. 
Exploitation involves negotiating terms with top manage- 
ment of industrial firms. 

A GOOD ENGINEERING BACKGROUND AND SOME 
YEARS IN INDUSTRY ARE ESSENTIAL, TOGETHER 
WITH IMAGINATION AND DRIVE. Age 30—40. 
Starting salary within the range £1,600—£2,000 according 
to age, qualifications and experience. 

The Corporation concerns itself with new developments 
in research organisations and in industry from their starting 
points, and the work presents a fascinating variety and the 
opportunity to meet important people in research and 
industry. 











ROLLS-ROYCE 


LIMITED 


RESEARCH GROUP 
REQUIRE 


ELECTRONICS ENGINEER 


An electronics engineer is required for work on 
the application of electronics in research work in 
hypersonic gas dynamics. He would be responsible 
for the provision of a variety of equipment required 
for experiments in this field, and the initiation of 
original electronics research work in the field of 
plasma dynamics. Some research experience 
either in industry or in a university would be 
necessary. 

In this appointment emphasis is placed on the 
fundamental approach and every encouragement 
for publication of work is given. The Research 
Group is located in pleasant residential surround- 
ings on the outskirts of Derby. 


Candidates should write for an application form to: 


The Staff Appointments Officer, (AEER),. 
ROLLS-ROYCE LIMITED, 
P.O. Box 31, Derby. 








ENGINEER 


required by 
THE ATOMIC WEAPONS RESEARCH ESTABLISHMENT, 
WOOLWICH COMMON, S.E.18. 

To develop and advise on the use of plastics in the production of 
electronic and _ high-voltage electro-mechanical equipment. To 
investigate and develop new production techniques. 
Corporate Membership of a Senior Engineering Institution is required 
and applicants should be familiar with modern workshop practice and 
have some knowledge and experience of electronic production. A 
Knowledge of manufacturing methods using Epoxy resins is desirable. 
SALARY: £1,445-£1,900 including London Allowance. 
Contributory Superannuation Scheme. 


Postcards for application forms to the Senior 
Recruitment Officer, A.W.R.E. Aldermaston, Berks. 
Please quote Ref. 2455/42. 











RADIO & TELEVISION 


DEVELOPMENT ENGINEERS 
Leading manufacturers in the Western London area have the following 
vacancies in their modern well equipped laboratories: 


(i) T.V. DEVELOPMENT ENGINEERS 





UOT gi veecs cc cntecveaws £1,500 p.a. 
(ii) TEST EQUIPMENT ENGINEERS 

eee PRP ere £1,500 p.a. 
(iii) T.V. DRAUGHTSMEN 

rrr ree £1,100 p.a. 


Interviews will be arranged (Saturdays if required) for Engineers with 
Experience and/or Academic Qualifications 


There are good opportunities to join first-rate team of Research and 











For further particulars write in confidence to the:— De s and for advancement for men with original ideas 
and initiative. 
Director of Administration, Free Life Assurance and Contributory Pensions Scheme. First class 
N.R.D.C equipment and facilities. 
R.D.C.,, 
°: All applications in the strictest confidence to: 
1 ney Street, London, W.1. 
+ F THE CHIEF ENGINEER Box No. W 3670 
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MAGNETIC AMPLIFIERS 
PROJECT LEADER 


required, experienced in mag.—amp. design and 
able to lead a team through all development stages 
to economic production. 








6 PAGE LEAFLET 
(No. 108) 


Write or ’phone for your copy now. 

New leaflet covers small and medium solic core types, 
Managing Director, including new types 45, 35, 36 and 37. 

NASH AND THOMPSON LIMITED, 


Hook Rise, Tolworth, Surbiton, Surrey. 


Apply giving complete details of experience to:— 


PHIL-TROL 








ELECTRONIC ENGINEER 
required 
for work on the design and development of special electronic QUICK DELIVERY 
control systems and units for Gas Turbine Engines. 
A good salary will be paid to the successful applicant who 


will be qualified at least to Higher National Certificate as receipt of order. 
standard. 


Applications in writing, quoting reference SC.897, and 
giving full details of previous experience and salary required PHILLIPS CONTROL (G.B.) LTD. 


should be sent to: 





Solenoids are normally despatched same day 


DEPT. G.7 
The Personnel Officer, FARNBOROUGH, HANTS. 


THE DE HAVILLAND ENGINE COMPANY LIMITED, Telephone: Farnborough 1120 
Manor Road, HATFIELD, Herts. 
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Quartz crystals in hermetically sealed Raaabs 
cases or evacuated glass envelopes for see 
frequency control and filter applications. 






As supplied to all the major Airlines 
and Radio Manufacturers. 


Technical service available to assist in 
formulating design specifications to 
customers’ special requirements. 





A.I.D. and A.R.B. approved. Brochure on request. 


BRUSH CRYSTAL CO. LTD. HYTHE, SOUTHAMPTON 


TELEPHONE: HYTHE (Southampton) 3031-2 CABLES: BRUDEV. HYTHE SOUTHAMPTON. 
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GAS DiscHaRGE 
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Reprinted from Nature, p. \xxii, July 25, 1959 



















GAS DISCHARGE MACHINE 
HIGH FIELD INTENSITY ACCELEF 
CONTROLLED THERMO-NUCLEAR REACTIC 
THE STUDY OF VERY PURE THIN FILMS 
SURFACE PHENOMENA 

EMISSION CHARACTERISTICS 


> > OF Ot OF 


Many of these applications need a vacuum in the region of 10-'* 

torr which necessitates the use of bakeable metal systems. A 

large or smal! “ Speedivac ” pumping station can be supplied for 

this purpose, each unit works-tested to ensure ultra high vacuum 
formance and constructed from individually tested components 

A I-in, bore stainless steel right-angle shut-off focteding 

valve having no organic sealing material and 





5 capable of being baked at temperatw ‘ 
Le S00" c. as adiniiie Aumeas: kine noose Bakeable Low Pressure lonisation Gauge and Pump 
metal gasket seals terminating in either 1 in. All-metal Bakeable Cut-off Vaives 
NER SEE GIES Ge SoataaNe -s10e8: Gabe: Mercury or Fractionating Oil Diffusion Pumps with 


Stainless Steel Liquid Air Traps 


Bakeable Metal Gasket Seals between Pump, Traps 
and System 


> EDWARDS HIGH VACUUM LTD - manor nova CRAWLEY SUSSEX » ENGLAND  Crawiey 1600 


The Physical Society Exhibition 
JANUARY 18", 19", 20", 21%, 22™ 


ROYAL SOCIETY HORTICULTURAL HALLS, WESTMINSTER, S.W.1. 
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DIRECT DEHUMIDIFIERS 


FOR AIR CONDITIONING 








waterlogged? 


Rien... 


A situation like this in your 
factory is unthinkable—but it is 
the hidden moisture, of which you 
are often unaware, that threatens 
the quality of your product and the 
efficiency of its manufacture. 
Moisture costs money as it slows 
down production, causes 
deterioration in quality and 
increases plant maintenance. 
Birlec Direct Dehumidifiers — 
simple, reliable, and economical — 
can put a stop to all this. They are 
already maintaining very low 
humidities for the manufacture of 
transistors, computers, radar sets, 
cathode ray tubes etc. 


Ask an Engineer from Birlec’s 
Dryer and Gas Plant Division 
to tell you more about them. 


Dryer and Gas Plant Division of 








BIRLEC LIMITED | aA... company 
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ERDINGTON 


BIRMINGHAM 24 
Telephone: EASt 1544 
LONDON +: SHEFFIELD + GLASGOW 


NEWCASTLE-ON-TYNE + JOHANNESBURG 
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The Flamemaster 
hand torch 


% FLAMEMASTER is a registered trade name of STONE-CHANCE Ltd 


The Stone-Chance FLAMEMASTER is now distributed only by 


Buck and Hickman Ltd. 


This famous little tool remains unchanged in design and 

invaluable for all glass working, metal brazing and soldering. It is 
made and will continue to be made by Stone-Chance, but your 
enquiries and orders should now be addressed to :— 


BUCK & HICKMAN 


2 Whitechapel Road, London, E.1 


LTD. 


also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., 28 St. James's Square, London, S.W.1 
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HIGH STABILITY 
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300 Million 
Electric 
Connectors 
made since 
1916 


CANNON PLUGS 2 


CANNON ELECTRIC (Great Britain) LTD. 
138 Wardour Street, London, W.1. Tel: GER77/1-8 Cable: Cennonelec London, Telex: 23521 


Factories in London, Los Angeles, Salem, Toronto, Melbourne. Licensees in Paris and Tokio 


8945 
1 








